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Executive Summary




Executive Summary

Background

In response to the Regional Haze Rule and Best Available Retrofit Technology (BART) regulations and guidelines,
Arizona Electric Power Cooperative (AEPCO) requested that CH2M HILL perform a BART analysis for

Apache Generating Station Steam Unit 1 (hereafter referred to as ST1). AEPCO’s Apache Generating Station
facilities include seven electric generating units, one of which is a 75-megawatt (MW) natural gas- and oil-fired
steam electric generating unit. The BART analysis for ST1 addressed the following criteria pollutants: nitrogen
oxides (NO,) sulfur dioxide (S05), and particulate matter less than 10 micrometers in aerodynamic diameter (PMyy).
BART emissions limits must be achieved within 5 years afler the State Implementation Plan (SIP) is approved by the
United States Environmental Protection Agency (EPA). A compliance date of 2013 was assumed for this analysis.

In completing the BART analysis, technology alternatives were investigated and potential reductions in NO,, SO,,
and PM,, emissions rates were identified. The following technology aiternatives were investigated, listed below by
pollutant:

e  AEPCO NO, emission confrols:

Low-NO, burners {LNB) bumers with over-fire air (OFA)

Flue Gas Recirculation (FGR)

Rotating opposed fire air (ROFA)

Neural Net Controls

LNBs with selective non-catalytic reduction system (SNCR and Rotamix)
LNBs with selective catalytic reduction (SCR) system

|

* SO, emission controls:

- Use of low-sulfur distillate fuels
—  Switch to pipeline natural gas (PNG)
- New Spray Dryer Absorber (SDA) system

e  PM,, emission controls:

- Use of low sulfor fuel oi} (No. 2 fuel oil)
- Switch to PNG

—  New LNB/particulate matter burner

—  Dry electrostatic precipitator (ESP)

-  WetESP

- Fabric filter

BART Engineering Analysis

The specific components of a BART engineering analysis are identified in the Code of Federal Regulations (CFR)
at 40 CFR 51 Appendix Y, Section V. The evaluation must include the following:

1. The identification of available, technically feasible, retrofit control options

2. Consideration of any pollution control equipment in use at the source (which affects the availability of options
and their impacts)
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BART ANALYSIS FOR 8T1

The costs of compliance with the control options

3

4. The remaining useful life of the facility

5. The energy and non-air quality environmental impacts of compliance
6

The degree of visibility improvement that may reasonably be anticipated from the use of BART

These components are incorporated into the BART analysis performed by CH2M HILL through the following steps:

e  Step 1—Identify all available retrofit control technologies
Step 2—Eliminate technically infeasible options

— The identification of available, technically feasible, retrofit control options

- Consideration of any pollution control equipment in use at the source (which affects the applicability of
options and their impacts)

s  Step 3—Evaluate control effectiveness of remaining control technologies
e  Step 4—Evaluate impacts and document the results

~  The costs of compliance with the control options
—  The remaining useful life of the facility
- The energy and non-air quality environmental impacts of compliance

¢  Step 5-—Evaluate visibility impacts
—  The degree of visibility improvement that may reasonably be anticipated from the use of BART

Separate analyses have been conducted for NOy, SO,, and PM,, emissions. All costs included in the BART analyses
are in 2007 dollars, and costs have not been escalated to the assumed 2013 BART implementation date.

Fuel Characteristics

Under AEPCGO’s current Class I air quality operating permit for Apache Station, ST1 is permitted to bum PNG and
Nos. 2 through 6 fuel oils. Co-firing of PNG and fuel oil is also permitted.

The BART analysis has examined only operating scenarios involving 100 percent use of PNG or 100 percent use of
either fuel oif No. 2 or fuel oil No. 6. No co-firing or blended-fuel alternatives have been reviewed. The BART
analysis has considered the higher nitrogen content and different combustion characteristics of fuel oil as compared
to PNG used at 8T1 and has evaluated the effect of these qualities on NO, formation and achievable emission rates.

Recommendations

NO« Emission Control

There is no BART presumptive NO, limit assigned by EPA for wall-fired boilers burning PNG or fuel oil. Based on
the analysis conducted, LNBs with FGR is recommended as BART for ST1. This selection is based on the projected
significant reduction in NO, emissions, reasonable control costs, and the advantages of no additional power
requirements or non-air quality environmental impacts.

SO, Emission Control

There is no BART-presumptive SO, limit assigned by the EPA for wall-fired boilers burning pipeline natural gas or
fuel oil. Based on the analysis conducted, use of PNG or low-sulfur fuel oil (No. 2 fuel oil) is recommended as
BART for ST1. This selection is based on the significant reduction in SO, emissions resulting from use of these
fuels.
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BART ANALYSIS FOR ST1

PM1o Emission Control

There is no BART-presumptive particulate matter limit assigned by the EPA for wall-fired beilers burning pipeline
natural gas or fuel oil. Based on the analysis conducted, use of PNG or No. 2 fuel oil is recommended as BART for
ST1, based on the significant reduction in PM, emissions resulting from use of these fuels.

BART Modeling Analysis

CH2M HILL used the CALPUFF modeling system to assess the visibility impacts of emissions from ST1 at Class |
areas. The Class I areas potentially affected are located more than 30 kilometers, but less than 300 kilometers, from
the Apache Generating Station. The Pine Mountain Wilderness Area (WA) has also been included on the list of
potentially affected Class | areas because it is located just outside of the 300 kilometer radius from the Apache
Plant.

The Class [ areas include the following:

Chiricahua National Monument (NM)
Galiuro WA

Gila WA

Superstition WA

Mount Baldy WA

Sierra Ancha WA

Pine Mountain WA

Mazatzal WA

Saguaro National Park (NP)

& & & & O & & @

Seven post control atmospheric dispersion modeling scenarios have been developed to cover the range of
effectiveness for combining the individual control technologies included in the evaluation. These modeling
scenarios, and the controls assumed, are as foflows:

Modeling Scenarios:

Scenario I: New LNB with FGR and No. 6 fuel oil

Scenario 2; ROFA modifications with No. 6 fuel oil

Scenario 3: ROFA Modifications and Rotamix with No. 6 fuel oil
Scenario 4;: New LNB with No. 6 fuel oil and SNCR

Scenario 5: New LNB with No. 6 fuel oif and SCR

Scenario 6: Fabric Filter/SDA

Scenario 7: Fabric Filter

Visibility improvements for all emission control scenarios have been analyzed, and the results have been compared
using a least-cost envelope analysis, as outlined in the draft EPA (1990} New Source Review Workshop Manual.

Least-Cost Envelope Analysis

The EPA has adopted the Least-Cost Envelope Analysis Methodology as an accepted methodology for selecting the
most reasonable, cost-effective controls, Incremental cost-effectiveness comparisons focus on annualized cost and
emission reduction differences between dominant alternatives. The dominant set of control alternatives is
determined by generating what is called the envelope of least-cost alternatives. This is a graphical plot of total
annualized costs for a total emissions reduction for all control alternatives identified in the BART analysis.

To evaluate the impacts of the modeled contrel scenarios on the nine Class I areas, the total annualized cost, cost per
deciview (dV) reduction, and cost per reduction in number of days above 0.5 dV were analyzed. This report
provides a comparison of the average incremental costs between relevant scenarios for the 9 Class I areas; the total
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BART ANALYSIS FOR 871

annualized cost versus number of days above 0.5 dV, and the total annualized cost versus 98" percentile
delta-deciview (AdV) reduction.

Just-Noticeable Differences in Atmospheric Haze

Studies have been conducted that demonstrate only dV differences of approximately 1.5 to 2.0 dV or more are
perceptible by the human eye. Deciview changes of less than 1.5 cannot be distinguished by the average person.
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1.0 Introduction

The Clean Air Act established goals for visibility improvement in national parks (NPs), wilderness areas (WAs),
and international parks. Through the 1977 amendments to the Clean Air Act in Section 169A, Congress set a
national goal for visibility as “the prevention of any future, and the remedying of any existing, impairment of
visibility in mandatory Class I Federal areas which impairment results from manmade air pollution.” The
Amendments required the Unifed States Environmental Protection Agency (EPA) to issue regulations to assure
“reasonable progress” toward meeting the national goal. In 1990, Congress again amended the Clean Air Act,
providing additional emphasis on regional haze issues.

In 1999, the NPs and WAs across the country classified as mandatory Class [ areas. These regulations include
requirements for states to establish goals for improving visibility in NPs and WAs and to develop long-term
strategies for reducing emissions of air pollutants that cause visibility impairment.

One of the principal elements of the visibility protection provisions of the Clean Air Act addresses installation of
best available refrofit technology (BART) for certain existing sources placed into operation between 1962 and
1977. The 1999 Regional Haze Rule requires the following three basic state plan elements related to BART:

» A list of BART-eligible sources {includes sources of air pollutants that are reasonably anticipated to
contribute to visibility impairment in a Class I area)

e An analysis of the emission reductions and changes in visibility that would result from “best retrofit” control
levels on sources subject to BART

¢ The BART emission limits for each subject source, or an alternative measure, such as an emissions trading
program for achieving greater reasonable progress in visibility protection than implementation of source-by-
source BART controls

In determining BART, the state can take into account several factors, including the existing control technology in
place at the source, the costs of compliance, energy and non-air environmental impacts of compliance, remaining
useful life of the source, and the degree of visibility improvement that is reasonably anticipated from the use of
such technology (EPA, 1999).

In July 2005, the EPA released specific BART guidelines for states to use when determining which facilities must
install additional controls and the type of controls that must be used. Under current regulatory deadlines, states-—
including Arizona-—must submit a Regional Haze Rule State Implementation Plan (SIP) amendment that
addresses BART implementation by December 2007. In this plan amendment, states will identify the facilities that
will have to reduce emissions under BART and then set BART emissions limits for those facilities, or identify any
alternative plan for reducing visibility impairing pollutants that would achieve greater reductions than those
realized frorn BART emissions limits (EPA, 2005).

Using information from the Western Regional Air Partnership (WRAP) and its Regional Modeling Center, the
State of Arizona has identified those eligible in-state sources that are required to reduce emissions under BART
and has directed those sources to complete BART analyses to identify potential reductions for emissions of sulfur
dioxide (S0O,), nitrogen oxides (NOy), and particulate matter less than 10 micrometers in aerodynamic diameter
{PM,;;) that would be associated with addition of additional or new air pollution controls. This information wiil be
included in the SIP that is due in December 2007. At this time, it is expected that Arizona’s SIP will address
reduction of SO, emissions at BART sources through an alternative measure in the form of a four-state backstop
cap-and-trade program. Reduction of NO, and PM, emissions will be addressed through establishment of BART
emissions limits in source operating permits.

The EPA BART guidelines state that the BART emission limits established as a result of BART analyses must be
fully implemented within 5 years of EPA’s approval of the SIP. For the purposes of this project, that date is
assurned to be 2013,
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This report documents the BART analysis that was performed on Apache Steam Unit | (hereafter referred to as
ST1) on behalf of Arizona Electric Power Cooperative (AEPCO) by CH2M HILL. The analysis was performed for
the pollutants NOy, SO, and PM;,.

Section 2.0 of this report provides a description of the present unit operation, including a discussion of fuel used in
ST1. The BART Engineering Analysis is provided in Section 3.0, by pollutant type. Section 4.0 provides the
methodology and results of the BART Modeling Analysis, followed by recommendations in Section 5.0.
References are provided in Section 6.0. Appendices provide additional information related to the Economic
Analysis performed to support the BART Engineering Analysis and BART Protocol.
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2.0 Present Unit Operation

The Apache Generating Station consists of seven electric generating units with a total generating capacity of

360 megawatts (MW). The power plant is located approximately 3 miles southeast of the town of Cochise in the
Willcox Basin in Cochise County, Arizona. ST1 is a wall-fired steam eleciric generating unit that can burn pipeline
natural gas (PNG) and No. 2 through No. 6 fuel oils. The unit typically preduces up to 75 MW, but is permitted to
produce up to a maximum capacity of 85 MW. Currently, there is no emissions control equipment installed on ST1.

ST1 is located adjacent to Gas Turbine #1 {GT1) at Apache Generating Station. These two units can be operated
separately or in a combined cycle configuration. Typical practice is to operate these units together, and under this
case GT1 exhaust is routed through the §T1 boiler. Although GT1 emissions can contribute to total emissions from
the STI stack when the units are operated in a combined cycle configuration, only ST1 is BART eligible. Therefore,
ST1 is considered a stand-alone unit for this BART analysis. ‘

ST1 was placed in service in 1963 and is assumed to continue operation until 2021. Assuming a BART
implementation date of 2013, this analysis estimates a remaining life of 8 years for STI.

Because test data for ST1 were not available, varied assumptions were used to estimate current emissions, The
current NO, emissions level when ST1 is burning PNG is approximated by averaging the highest 75 percent load
24-hour NO, emission levels for the year 2006 EPA Acid Rain Database, because the only fuel burned in 2006 was
PNG. The higher foad NO, values were determined because higher NO, emissions can be expected at higher unit
operating loads. As a simplifying assurmption, No. 2 fuel oil NO, emissions are assumed to be equal to PNG. The
No. 6 fuel 01l NO, emissions were estimated from EPA AP-42. The SO, emissions for PNG were also estimated
from the EPA Acid Rain Database, and AP-42. PM,, values were determined from AP-42 calculations.

Table 2-1 lists additional unit information for this analysis.

TABLE 241
UNIT OPERATION AND STUDY ASSUMPTIONS
ST1
General Plant Data
Site Elevation (feet above mean sea level) 4,193
Stack Height {feet) 187
Stack Exit Internal Diameter {feet)/Exit Area (square feet) 8.0/50.2
Stack Exit Temperature (°F) 277
Stack Exit Velocity (feet second) 90.60
Stack Flow (actual cubic feet/minute) 272,887
Annual Unit Capacity Factor {percentage) 41
Net Unit Output (MW)° 85
Net Unit Heat Rate (Btu/kW-Hr)(100 percent load) 10,985
Boiler Heat Input (MMBtu/hour)(100 percent toad) 1,097
Type of Boiler Front Wall-fired
Boiler Fuet PNG, Fuel Qil No. 2 through No. 6
Current NO, Controls None: Good combustion practices
NO, Emission Rate {Ib/MMBty) (PNG)® 0.147
NO, Emission Rate {Ib/MMBtu) (No.6 Fuel Ofl)° 0.301
NO, Emission Rate {lb/MMBtu) (No.2 Fuel O#)* 0.147
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BART ANALYSIS FOR STt

TABLE 241
UNIT OPERATION AND STUDY ASSUMPTIONS
sT1

General Plant Data
Current SO, Controls None
SO, Emission Rate (Ib/MMBtu) (PNG)” 0.00064
380, Emission Rate (Ib/MMBtu) (No.6 Fuel Oil)d 0.906
SO, Emission Rate (Ib/MMBtu) (No.2 Fuel Oif)° 0.051
Current PM10 Controls None
PM1p Emission Rate {(Ib/MMBtu) (PNG) ° 0.0075
PM1g Emission Rate (Ib/MMBtu) (No.6 Fuel Oil)h 0.0737
PM;o Emission Rate (Ib/MMBtu) (No.2 Fuel Qil)° 0.0143
NOTES:

® From CEM data

® Calculated from EPA AP-42 assuming filterable particulate equals PM10

: Caleuiated from EPA AP-42 assuming No. 2 fuel oil heating value of 140,000 Btu/gallon
Calculated from EPA AP-42 assuming No. 6 fuel cil sulfur content of 0.90 percent and heating value of
156,000 Btu/galion

° Based on maximum generation level as identified in Apache Station's Class | permit.

The EPA did not establish a NO,-presumptive limit for oil- and gas-fired units, but indicates that the states should
consider the installation of current combustion control technology on these units. Similarly, the EPA did not
establish a presumptive BART limit for SO, from oil-fired units. The EPA guidelines suggest that a cost-effective
503 control option for oil-fired units is to consider switching to a low-sullur fue! oil {No.2 fuel 0il--0.05 percent
low sulfur diesel). The EPA also stated that it was unable to find a flue gas desulfurization (FGD) application in the
U.S. electric industry on an oil-fired unit.

According to 40 Code of Federal Reguiations (CFR) Parts 72 and 75, for a gaseous fuel to qualify as “naturai gas,”
the fuel must be either greater than or equal to 70 percent methane by volume, or must have a gross calorific value
between 950 and 1,100 British thermal units (Btu) per standard cubic foot. For PNG, the hydrogen sulfide (H,S)
content must be less than or equal to 0.3 grain per 100 standard cubit feet, and H,S must constitute at least 50
percent (by weight) of the total sulfur in the fuel.

No fuel specification was provided for No. 2 fuel oil, therefore a heating value of 140,000 Btu per gallon and a
sulfur limit of 0.05 percent were assumed. Heating value for No. 6 fuel oil was assumed at 155,000 Btu per gallon,
with a maximurm sulfur content of 0.90 percent (per Title V permit).

AEPCO desires to maintain the PNG/fuel oil capability for future operation of ST1. Therefore, this BART analysis
includes a review of PNG, No. 2 fuel oil, and No. 6 fuel oil operation. In addition, the fuel cost differential between
these alternative fuel options was estimated and evaluated.
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3.0 BART Engineering Analysis

3.1 BART Process

The specific components in a BART engineering analysis are identified in 40 CFR 51 Appendix Y, Section IV. The
evaluation must include the following:

1. The identification of available, technically feasible, retrofit controt options

2. Consideration of any poilution control equipment in use at the source (which affects the availability of options
and their impacts)

3. The costs of compliance with the control options

4. The remaining usefui life of the facility

5. The energy and non-air quality environmental impacts of compliance

6. The degree of visibility improvement that may reasonably be anticipated {rom the use of BART

These compoenents are incorporated into the BART analysis performed by CH2M HILL through the following steps:

o  Step 1—Identify ali available retrofit control technologies
Step 2—-Eliminate technically infeasible options

- The identification of available, technically feasible, retrofit control options

- Consideration of any poliution control equipment in use at the source {which affects the applicability of
options and their impacts)

Step 3—Evaluate control effectiveness of remaining control technologies
Step 4—Lvaluate impacts and document the results

—  The costs of compliance with the control options
—  The remaining vseful life of the facility
—  The energy and non-air quality environmental impacts of compliance

o  Step 5— Evaluate visibility impacts
—  The degree of visibility improvement that may reasonably be anticipated from BART use.

In the evaluation, consideration was made of any pollution control equipment in use at the source, the costs of
compliance associated with the control options, and the energy and non-air quality environmental impacts of
compliance using these existing control devices. As a consequence, controls scenarios included enhancement of
existing equipment, as well as addition of new control equipment.

Separate analyses have been conducted for NO,, 8O,, and PM;, emissions. All costs inciuded in the BART analysis
are in 2007 dollars, and costs have not been escalated to the assumed 2013 BART implementation date.

Because ST currently has the capability to burn PNG or No. 2 through No. 6 fuel oils, a separate analysis will be
completed for each case. The option to switch to low-sulfur fuel oil (No. 2) will be examined, as required by the
BART regulations.

For ST1, baseline NO,, SO, PM,, emissions were examined to determine whether cormpletion of the five-step
BART process is required for each of the three fuel alternatives (100 percent PNG, 100 percent No. 6 fuel oil, and
100 percent No. 2 fuel oiD). To complete this analysis, a reasonably available control Technology (RACT)/best
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available control technology (BACT)/lowest achievable emission rate (LAER) Clearinghouse (RBLC) summary was
used, in addition to a review of the BART coal presumptive limits for wall-fired boilers and engineering judgment.
Even though the RBLC and BART values do not apply for PNG/oil-fired units, review of these values provides a
comparative basis for selecting those fuel alternatives that should reasonably undergo BART evaluation.

Table 3-1 below is a summary of the baseline emissions for ST1.

TABLE 3-t
CURRENT ST1 BASELINE EMISSIONS

Baseline Emissions

{Ib/MMBtu} PNG No. 6 Fuel Qil No. 2 Fuel Oil
NO 0.147 0.301 0.147
S0, 0.00064 0.906 0.051
Particulate Matter 0.0075 0.0737 0.0143

Table 3-2 lists the BART-presumptive coal values for a wali-fired boiler when buming sub-bituminous coal and a
range of RBLC permit limits for each of the fuels.

TABLE 3-2
PRESUMPTIVE COAL EMISSION LIMITS AND RBL.C EMISSION RANGES
Emission Categories NO, S0, Particulate Matter

Presumptive Coal Limits 0.23° 0.15 0.015

RBLC Ranges
PNG 0.02-01 0.001 -0.01 0.004 — 0.005
Fuel Qil No. 2 0.12-0.15 0.06-022 0.0032-0.03
Fuet Qil No. 8 0.37-1.05 0.8-1.76 0.01-0.06

NOTES:

® For sub-bituminous coal
Results in [b/MMBtu

After comparing the current baseline emissions to the emissions shown in BART guidance and the RBLC database,
it was determined that BART NO analysis was appropriate for all fuels, while SO, and particulate matter analysis
was appropriate for only No. 6 fuel oil. Current SO; and particulate matter emissions for PNG and No. 2 fuel oil are
within or below the comparative emissions levels from BART guidance and the RBL.C database, indicating a control
retrofit analysis is not warranted for these two pollutants on these two fuels. No additional reduction in emissions
would be expected from installation of emissions control equipment when using these two fuels.

3.1.1  Establishing Permit Emission Levels from BART Analysis Results

As an integral part of the BART analysis process, cost and expected emission information were developed for NO,,
SO,, and PM),. This information is assembled from various sources including emission reduction equipment
vendors, AEPCO operating and engineering data, and internai CH2M HILL historical information.

The level of accuracy of the cost estimate can be broadly classified as American Association of Cost Engineers
{AACE) Class V or “Order of Magnitude,” which can be categorized as +50 percent/-30 percent. There are several
reasons for selecting this range of cost estimates to be included in the BART analysis. They are primarily a result of
the difficulty in receiving detailed and accurate information from equipment vendors based on limited available data
provided to the vendors. Because of the active power industry marketplace, obtaining engineering and construction
information is restricted due to vendor workload. Material and construction labor costs also change rapidly in
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today’s active economy. However, this level of cost estimate precision is adequate for comparison of control
technology alternatives.

The accuracy of expected emissions may also be questionable and is also attributable to the inability to gain timely
and accurate vendor information, This is exemplified by the difficulty in obtaining background information and the
vendor time required to develop accurate emission projections for study purposes in comparison to their response to
actual project request for proposals. Also, variance in expected emissions can be dependent upon the pollutant under
consideration (i.e., particulate emissions can generally be more accurately predicted than NO, emissions).

Therefore, when selecting emissions control technologies and establishing emission limitations in permits,
consideration of variability in cost and expected emissions information must be congidered.

3.1.2 BART NOy Analysis

NO, formation in fossil fuel-fired boilers is a complex process that is dependent on a number of variables, including
operating conditions, equipment design, and fuel characteristics. From the analysis completed in Section 3.2, a NOQ,
BART analysis will be completed for the cases when ST1 burns 100 percent PNG, 100 percent No. 6 fuel oil, and
100 percent No. 2 fuel cil.

Formation of NOy

During combustion, NO, forms in three different ways: thermal NO,, fuel NO, and prompt NO,. When combusting
PNG, the most dominant source of NOy is from thermal NO,, which results from high-temperature fixation of
atmospheric nitrogen in the combustion air. Because PNG generally contains small quantities of nitrogen, the overail
contribution from fuel NO, is small, while a significant amount of fuel NO, can be generated from fuel oil
combustion. A very small amount of NO, is called “prompt” NO,. Prompt NO, results from an interaction of
hydrocarbon radicals, nitrogen, and oxygen,

Good combustion is based on the “three Ts:” time, temperature, and turbulence. If a performance requirement such
as NO, emission limits is changed, conflicts with other performance issues can result.

When adjusting air flows and distribution to lower NO, using low-NO, burners {LNBs) and over-fire air {OFA),
original boiler design restrictions may limit the modifications that can be made and still achieve satisfactory
combustion performance.

Step 1. Identify All Available Retrofit Control Technologies

The first step of the BART process is to evaluate NO, control technologies with practical potential for application to
ST1, including those controf technologies identified as BACT or LAER by permitting agencies across the United
States. A broad range of information sources has been reviewed in an effort to identify potentially applicable
emission control technologies. ST1 NO, emissions are currently controlled through the use of good combustion
practices. There is no BART-presumptive NO, level for PNG and oil-fired units.

The following potential NO, control technology options were considered:

New LNBs with OFA

Flue Gas Recirculation (FGR)

Rotating Opposed Fire Air (ROFA)

LINBs with selective non-catalytic reduction system (SNCR and Rotamix)
e [NBs with selective catalytic reduction system (SCR)

e  Neural Net Controls

Step 2: Eliminate Technically Infeasible Options

For ST1, a front wall-fired configuration burning PNG and fuel oil, technical feasibility will primarily be determined
by physical consfraints, boiler configuration, and on the ability of the technology to achieve significant NO,
emissions reduction, Current NO, emissions for ST1 were shown in Table 2-1.
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For this BART analysis, information pertaining to LNB and FGR was based on information received from Coen for
new LNBs. Coen made the assumption that the GT1 exhaust into the windbox of ST1 during combined cycle
operation would be of sufficient quantity to achieve 15 percent FGR. No OFA estimate was received from Coen;
however, an FGR option was presented. Cost estimates include cost for both LNB and FGR, but FGR as an
additional control installation may not be necessary if AEPCO continues to rely on GT1 exhaust gas to provide FGR
to ST1.

The cost estimates for SCR and SNCR were updated from previous CH2M HILL file information. CH2M HILL also
received information from Mobotec for their ROFA and Rotamix technologies.

Table 3-3 summarizes the control technology options evaluated in this BART analysis, along with projected NO,
ernisston rates. While many of the projected emission rates shown are very low, they were estimated based on
preliminary information and the basis of percentage reduction from baseline emissions. Operation at these emission
levels may not be consistently achievable.

TABLE 3-3
NOx CONTROL TECHNOLOGY EMISSION RATE RANKING
ST1
Source of Estimated Estimated Estimated
Estimated Emission Rate® Emission Rate Emission Rate
Technology Emissions (PNG) {No. 6 Fuel OEE)d {No. 2 Fuel Qil}¢
Presumptive BART Limit — - - -
LNB with FGR ® Coen 0.056 0.15 0.06
ROFAP® Mobotec 0.08 0.18 0.08
ROFA with Rotamix ° Mobotec 0.06 0.1 0.06
LNB with FGR SNCR Coen and Fuel Tech 0.06°¢ 011° 0.05¢
SCR? CH2M HILL 0.07 0.07 0.07

NOTES:

? SCR estimated NO, emissions rate is the same for ail scenarios. Operating cost would be affected by infet NO,
levels.

® Calculated from Mobotec proposal information fuel baselines (47 percent reduction for ROFA and additional
30 percent for Rotamix)

° From Previous Fuel Tech Proposal at 25 percent reduction

‘ Results are in Io/MMBtu

¢ From Coen Proposal

Step 3: Evaluate Control Effectiveness of Remaining Control Technologies

Preliminary vendor proposals, such as those used to support portions of this BART analysis, may be technically
feasible and provide expected or guaranteed emission rates; however, they include inherent uncertainties. These
proposals are usuaily prepared in a limited time frame, may be based on incomplete information, may contain overly
optimistic conclusions, and are non-binding. Therefore, emission rate values obtained in such preliminary proposals
must be qualified, and it must be recognized that contractual guarantees are established only after more detailed
analysis has been completed. The following subsections describe the control technologies and the control
effectiveness evaluated in this BART analysis.

Level of Confidence for Vendor Post-Control Emissions Estimates. To determine the level of NO,
emissions needed to achieve compliance consistently with an established goal, a review of typical NO, emissions
from fossil fuel-fired generating units was completed. As a result of this review, it was noted that NO, emissions can
vary significantly around an average emissions level. This variance can be attributed to many reasons, including fuel
characteristics, unit load, boiler operation including excess air, burner equipment condition, and so forth.
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The steps used to determine a level of confidence for the vendor expecied value are as follows:
1. Establish expected NO, emissions value from vendor.
2. Evaluate vendor experience and historical basis for meeting expected values.

3. Review and evaluate unit physical and operational characteristics and restrictions. The fewer variations there
are in operations, fuel supply, etc., the more predictable and less variable the NO, emissions are.

4. For each technology expected value, there is a corresponding potential for actual NO, emissions to vary from
this expected value. From the vendor information presented, along with anticipated unit operational data, an
adjustment to the expected value can be made.

The following subsections describe the control technologies and the control effectiveness evaluated in this BART
analysis.

New LNBs with OFA System. The mechanism used to lower NO, with LNBs is to stage the combustion process
and provide a fuel-rich condition initially; this is so oxygen needed for combustion is not diverted to combine with
nitrogen and form NO,. Fuel-rich conditions favor the conversion of fuel nitrogen to nitrogen instead of NO,.
Additional air {or OFA) is then introduced downstream in a lower temperature zone to burn out the char.

Both LNBs and OFA are considered to be a capital cost, combustion technology retrofit that may require water wall
tube replacement.

FGR. FGR generally extracts flue gas from downstream of the economizer or air heater and is mixed into the
combustion air duct. This recirculation can be achieved with a new FGR fan or by using the existing forced-draft fan
1o inject the flue gas into the combustion air (induced flue gas recirculation [IFGR]). Flue gas recirculation adds
oxygen-fean heat-absorbing mass to the combustion air, thus lowering the combustion temperature and reducing
NO, emissions.

ROFA. Mobotec markets ROFA as an improved second-generation OFA system. Mobotec states that “the flue gas
volume of the furnace is set in rotation by asymmetrically placed air nozzles. Rotation is reported to prevent laminar
flow, so that the entire volume of the furnace can be used more effectively for the combustion process. In addition,
the swirling action reduces the maximum temperature of the flames and increases heat absorption. The combustion
air is also mixed more effectively.” A typical ROFA installation will have a booster fan{s} to supply the high
velocity air to the ROFA boxes. Mobotec would propose one 700 horsepower fan for ST1.

Mobotec’s budgetary proposals included expected NO, emission rates for PNG and No. 2 and No. 2 fuel oils, and
are presented in Table 3-3, While a typical installation does not require modifying an installed LNB system, and the
existing OFA ports are not used, results of computational fluid dynamics modeling will determine the quantity and
location of new ROFA ports. Although not specifically identified, Mobotec generally includes bent tube assemblies
for OF A port installation if required. Mobotec does not provide installation services, because they believe that the
owner can more cost-effectively contract for these services. However, they do provide one onsite construction
supervisor during installation and startup.

SNCR. SNCR is generally used to achieve modest NO, reductions on smaller units. With SNCR, an amine-based
reagent such as ammonia—or more commonly urea—is injected into the furnace within a temperature range of
1,600 degrees Fahrenheit (°F) to 2,100°F, where it reduces NO, to nitrogen and water, NO, reductions of up to 60
percent have been achieved, although 20 to 40 percent is more realistic for most applications.

Reagent utilization, which is a measure of the efficiency with which the reagent reduces NO,, can range from 20 to
60 percent, depending on the amount of reduction, unit size, operating conditions, and allowable ammonia slip. With
low-reagent utilization, low temperatures, or inadequate mixing, ammonia slip occurs, allowing unreacted ammonia
to create problems downstream, The ammonia may render fly ash unsolvable, react with sulfur to foul heat exchange
surfaces, or create a visible stack plume, Reagent utilization can have a significant impact on econormics, with higher
levels of NO, reduction generally resulting in lower reagent utilization and higher operating cost.
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Reductions from higher baseline concentrations (inlet NO,) are lower in cost per ton, but result in higher operating
costs, due to greater reagent consumption. Budgetary proposals were received from Mobotec for their Rotamix
system, and previous Fuel Tech proposal information for other projects was used.

SCR. SCR works on the same chemical principle as SNCR but SCR uses a catalyst to promote the chemical
reaction. Ammonia is injected into the flue-gas stream, where it reduces NO, to nitrogen and water. Unlike the high
temperatures required for SNCR, in SCR the reaction takes place on the surface of a vanadium/titanium-based
catalyst at a temperature range between 580°F and 750°F. Due to the catalyst, the SCR process is more efficient
than SNCR and results in lower NO, emissions. The most common type of SCR is the high-dust configuration,
where the catalyst is [ocated downstrearn from the boiler economizer and upstream of the air heater and any
particulate control equipment. In this location, the SCR is exposed to the full concentration of particulate in the flue
gas that is leaving the boiler. In a full-scale SCR, the flue ducts are routed to a separate large reactor containing the
catalyst. With in-duct SCR, the catalyst is located in the existing gas duct, which may be expanded in the area of the
catalyst to reduce flue gas flow velocity and increase flue gas residence time. Due to the higher removal rate, a full-
scale SCR was used as the basis for analysis at ST1. From previous SCR design experience, a projected NO,
emission rate of 0.07 pounds per million British thermal units (ib/MMB1) is projected for all emissions control
equipment scenarios.

Neural Net Controls

Information regarding neural net controls was received from NeuCo, Inc. While NeuCo offers several neural net
products, CombustionOpt and SootOpt provide the potential for NO, reduction. NeuCo stated that these products
can be used on most control systems and can be effective even in conjunction with other NO, reduction
technologies.

NeuCo predicts that CombustionOpt can reduce NG, by 15 percent, and SootOpt can provide an additional 5 to 10
percent. Because NeuCo does not offer guarantees on this projected emission reduction, a nominal reduction of 15
percent was assumed for evaluation purposes. The budgetary prices for CombustionOpt and SootOpt were $150,000
and $175,000, respectively, with an additional $200,000 for a process link to the unit control system.

Because NeuCo does not guarantee NO, reduction, the estimated emission reduction levels provided cannot be
considered as reliable projections. Therefore, neural net should be considered as a supplementary or “polishing”™
technology, but not on a “stand-alone” basis.

Step 4: Evaluate Impacts and Document the Results

This step involves the consideration of energy, environmental, and economic impacts assoctated with each controi
technology. The remaining useful life of the plant is aiso considered during the evaluation.

Energy Impacts. Installation of LNBs is not expected to significantly impact the boiler efficiency or forced-draft
fan power usage. Therefore, these technologies will not have energy impacts,

The Mobotec ROFA system requires installation and operation of one 706 horsepower ROFA fan (522 kilowatts
[kW7] total). An estimated auxiliary power requirement for an SNCR system for an 85-MW (with the 10-MW
combustion turbine included) unit is estimated at 85 kW, The same estimate was used for Rotanix.

SCR retrofit impacts the existing flue gas fan systems, due to the additional pressure drop associated with the
catalyst, which is typically a 6~ to 8-inch water gage increase.

Environmental Impacts. SNCR and SCR installation could potentially create a visible stack plume from excess
ammonia slip, which may negate other visibility improvements. Other environmental impacts involve the storage of
ammonia, especially if anhydrous ammeonia is used, and the transportation of the ammonia to the power plant site.

Economic Impacts. Costs and emissions estimates for the LNBs, SNCR, and SCR were obtained from equipment
vendors. Costs for the ROFA and Rotamix systems were obtained from Mobotec.
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A comparison of the technologies on the basis of costs, design control efficiencies, and tons of NO, removed is
summarized in Table 3-4, and the first year control costs in Figure 3-1. The complete Economic Analysis is
contained in Appendix A,

The capital costs shown in Tabie 3-4 are applicabie for all of the fuels under consideration, and No. 6 fuel oil was
used as the basis to determine worst-case emission levels. For example, if LNBs are installed for PNG, the burner
costs include the capability to burn both PNG and No. 2 and 6 fuel oils (with only minor equipment modification,
atomization changes, and burner control revisions). Similarly, the cost information for any of the NO, reduction
technologies listed in Table 3-4 will apply for the fuel alternatives under consideration. Costs for LNBs are
presented with FGR because this scenario is representative of current operation of ST1 when it is operated in
combined cycle with GT1. Costs for LNBs without FGR would be lower.

Preliminary BART Selection. The four-step evaluation indicates new LNBs with FGR would represent BART
for ST1 based on its significant reduction in NO, emissions, reasonable control cost, and no additional power
requirements or environmental impacts. Consideration could also be given to LNBs as a stand-alone technology
without FGR, but because it is common for ST1 to obtain FGR due to combined cycle operation with GT1,
considering LNBs in combination with FGR is a more representative control scenario for ST1 than use of LNBs
alone.

Step 5: Evaluate Visibility Impacts
Please see Section 4.0, BART Modeling Analysis.

APACHE1_DRAFT_REPORT_12-19-07.00C 37



aaey s8160j0LuYDD] OM] S} SE IBGLINU UOU B U SYNSal HONS PUE HO 4 UM GNT UM Paieduiod usym XILEIoY UM Y-40N JO] 1502 [0JUCS [BJUSLISIOUL 8L |

JOGL0-61TL 180T LIVET 1 IHOYAY

1854 Jad SUCY Ul [BAOWS1 XON SlUEeS 3y}

p

*ON 10 SUO0] $S3| SSAOLUSI PUE BJOL SIS0 ABOIOULDS] BY) YO UiIM ENT Uim paIeduwiod usym 8snessq JSO2 (040D ejusLBIoll Bajebau e sey Y40y |

spemebow Gg 40} slewss Palojoe) YONS MY Jod Or$ uo peseg |
spemebawl Gg 1o} SjewWnse Pelojor) YOS M £3d 0OES Uo peseg

SALON

LLE'ES P gev'l 958’1 (669'61) {panoway *ON UCL/$) 150D 104U [BIUBLIBIDU]

At ¥00'y 0482 958'1 z88'e (parolUSY *ON U0 1/$) 1SOD [0JUGD BAY Jea A 18I

GS¥ 9.¢ 9/¢ 162 8.2 lea A Jod psaoway *ON suo]

%19/ %G'€9 %S'£9 %Z 0G %8 9Y Aousioyz jonuod ubisad “ON

gL 61 £0 L'e 6L (41ea A 1H-MY UOIIIN) 8fes Jamod [enuuy

£p0 z6'0 60°0 $8'0 25’0 {MmW) uondwnsuo) Jamod

86.'70L'G% §Z8'605'1$ 68£'620'L$ Z86'165% £60°6£6% 1800 PaZIENUUY 188 A ISl [BJ0 )

850'9vES Z65'v61% 1109118 £49'€0Z$ BELVYLS S1S0D WRO 2IGELIEA Pue paxid JesA Jsiid [ejoL

000°6/8°1E% 05.'661'L$ 000'0€2'6$ 00022023 000°6ZL'v% $JS0Q JBUMO 1BUOIIPPY UM S3S0D fende) pajelsy) (230

000°005'5Z$ 000'26%'v$ 000'¥85'v$ 000'v81'L$ 000°002'2% 81500 fended pajlesu} jejo ]
o HOS UNM gN xjuwejoy JHONS PUE  HOJ UM BN’ , V40y 103084

UM V40 YD YIM aNT

b

NOSRIVAINOD LSOO TOULNOD XON

ye 31Vl

L1S 4O SISATYNY Levd



6 000206121 1HOdTY " LIvHa L3HOVdY

1500 [04U0D [EUBWIOU| JEBA JSII4 M 1809 |onuo) ebeieny Jeaa ISI4m

uondQ |04ju09 uonnjjod 1y

(000'0€)

(000'02)

4

(o00'01)

000°04

00002

000'0€

000'0F

(paAcway XON UOL/$) 1509 [04ju0D JB3A 351

000'0S

00009

1503 [01UCD XON JB3A 15414

LIS
suondo (04109 UOINod Iy XON 40§ 180D [01UOD JEBA 18IS
EETL

L1S ¥Od SISATYNY Luve

Lol 0oL OOOOOOO0OOOOCICICILITICICICICIL I



BART ANALYSIS FOR ST1

3.1.3  BART 80; Analysis

SO, forms in the boiler during the combustion process and is primarily dependent on natural gas and fuel oil sulfur
content. The BART analysis for SO, emissions on ST follows. From the analysis completed in Section 3.2, SO;
emissions indicate that BART analysis is not required when ST1 burns PNG or fuel oil No, 2. Thus, the analysis in
this section is limited to the case when ST1 is burning No. 6 fuel oil.

The EPA BART guidelines require that oil-fired units consider limiting the sulfiar content of the fuel oil burned.
Because current requirements for low-sulfur diesel fuel limit sulfur content to 0.05 percent, fuel switching will be
analyzed as an SO, option for this study. Also, a dry FGD system with similar SO, reduction capability as the fuel
switch option will be considered.

Step 1: Identify All Available Retrofit Control Technologies

A broad range of information sources was reviewed in an effort to identify potentiaily applicable emission control
technologies for SO, at ST1. As discussed in Section 3.2, this included control technologies identified as BACT or
LAER by permitting agencies across the United States.

Following elimination of the PNG and fuel o1 No. 2 BART engineering analysis after RLBC database review, the
following potential SO, control technology options were considered for application when ST1 burns fuel oil No, 6;

e Use of low-sulfur distillate oil (No. 2 fuel oil)
e  Switch to PNG
e  Spray dryer absorber (SDA)

Step 2: Eliminate Technically Infeasible Options

Technical feasibility will primarily be determined by fuel storage delivery constraints, boiler configuration, and the
ability of low-sulfur fuel oil to achieve significant SO, emission reduction. The present $O, emission rate for ST1
while burning No. 6 fuel oil is estimated at 0.906 lb/MMBtu.

Table 3-5 summarizes the control technology options evaluated in this BART analysis, along with projected SO,
emission rates while buming No. 6 fuel oil. The estimated cost does not include fuel cost differential.

TABLE 3-5
CONTROL TECHNOLOGY OPTIONS EVALUATED
8T
Technology Expected Emission Rate (Ib/MMBtu) Estimated Cost (Millions $)
Current Baseline with No. 6 Fuel Cil 0.906 -
Low-Sulfur Fuei Oil 0.051 0
SDA 0.10 20
PNG 0.00064 0

Step 3: Evaluate Control Effectiveness of Remaining Control Technologies

When evaluating the control effectiveness of SO, reduction technologies, each option can be compared against
benchmarks of performance. One such benchmark is the presumptive BART emission limit for coal-fired units (0,15
1b/MMBtu3}, even though as a PNG/fuel oil-fired unit, ST1 is not required to meet this Himit. With a fuel switch to
low-sulfur diesel, the expected SO, emissions are estimated at 0,051 [b/MMBtu, and an SDA is estimated to achieve
approximately a 0.10 Ib/MMB1tu emission rate.
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Step 4: Evaluate impacts and Document the Results

This step involves the consideration of energy, environmental, and economic impacts associated with each control
technology. The remaining useful life of the plant is also considered during the evaluation,

Energy Impacts. There is no energy impact associated with switching to low-sulfur diesel fuel; however,
additional system pressure drop equivalent to 0.4 MW at a first-year cost of $71,832 will result from the installation
of an SDA.

Environmental Impacts. There is no environmental impact associated with switching to low-sulfur diesel fuel,
An SDA system generates solid waste requiring disposal.

Economic Impacts. A summary of the costs and amount of SO, removed for fuel switching is provided in Table
3-6. The complete Economic Analysis is contained in Appendix A.

TABLE 3-6
S0, CONTROL COST
Sr1
Switch to
Low-Sulfur

Factor SDA Switch to PNG Fuel
Total Installed Capital Costs $20,000,000 ° $0 $0
Tot_ai First Year Fixed & Variable Operations & $519 359 . B
Maintenance Costs
Total First Year Annualized Cost $3,881,708 - -
Power Consumption (MW} 0.40 - -
Annual Power Usage (kW-Hr/Year) 1.4 - -
S0; Design Control Efficiency 89.0% 99.8% 91%
Tons SO2 Removed per Year 1,687 - -
First Year Average Control Cost > 446 3 _
{$/Ton of SO, Removed) :
Incremential Conirol Cost 2446 _ _

{$/Ton of 50z Removed)

2 Based on vendor cost information

Preliminary BART Selection. The four-step evaluation indicates that using PNG or low-sulfur diesel fuel (No. 2
fuel oil) would represent BART for ST1 based on significant reduction in 8O; emissions reasonable control costs
and the advantages of no additional power requirements or environmental impacts. While burning solely PNG will
result in the greatest NO, reduction at the lowest cost, the requirement for dual-fuel capability dictates the use of
fuel oil as a secondary fuel. While the installation of an SDA will achieve SO, significant emission reductions,
switching to No. 2 fuel oil or burning PNG offers greater potential for lower SO, levels with no capital cost
requirements.

Step 5: Evaluate Visibility Impacts
Please see Section 4.0, BART Modeling Analysis.
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3.1.4 BART PMy Analysis

The BART analysis for PM;, emissions at ST1 is described below. From the analysis completed in Section 3.2, a
PM,y BART analysis will only be completed for the case when ST1 burns 100 percent No. & fuel oil. The current
baseline particulate matter/PMy emissions, while burning PNG or No. 2 fuel oil, already meets the BACT emissions
level.

Step 1. Identify All Available Retrofit Control Technologies

The following retrofit control technologies have been identified for PM,, control on ST1:

Use of low-sulfur fuel oil (No. 2 fuel oil)
Switch 1o PNG

New LNBs/particulate matter bumner
Dry electrostatic precipitator (ESP)

Wet ESP

Fabric filter

Step 2: Eliminate Technically Infeasible Options

Low Sulfur Distillate Oil. Particulate matier emissions would be reduced with the switching of fuel oil grades
from No. 6 to No. 2. As discussed in Section 3.2, anticipated PMy; emissions while burning No. 2 fuel oil are
estimated at 0.0143 Ib/MMBtu.

Switch to PNG. Expected PM,, emissions when burning PNG are estimated at 0.0075 [b/MMBru.

New LNBs/Particulate Matter Burner. with the Coen LNB, particulate matter emissions are also reduced. From
the budgetary information received from Coen, particulate matter emissions are estimated at less than 0.03

16/ MMBtu and 0.0015 [b/MMBtu while burning No. 6 fuel oil (with LNB and IFGR), and No. 2 fuel oil (LNB),
respectively.

Dry ESP. A dry ESP operates by first placing a charge on the particulates though a series of electrodes, and then
capturing the charged particulates on collection plates. While an ESP can be designed for high-particulate removal,
operation is susceptible to particle resistivity, which denotes a collected particle’s ability to uftimately discharge to
the collection plate. Low-resistivity particles can be easily charged but may quickly lose their charge at the
collection plate and tend to be re-entrained into the flue gas stream. Higher resistivity particles may form a “back
corona,” which is caused by a layer of non-conductive particles being formed on the collection plate. Back corona
may prevent other charged gas stream particles from migrating to the collection plate. Particle resistivity is also
influenced by flue gas temperature, ESP sizing is in large part determined by particulate size, with larger ESP size
required when smaller particulates are expected. In addition, the particulates from an oil-fired unit tend to be small
and sticky, and if an SDA is used for SO, reduction, there will be a greatly increased inlet particulate loading to the
ESP.

Because of the uncertainty in chemical and physical characteristics of the oil-fired particulate, a dry ESPisnota
good techmological match for STI.

Wet ESP. While wet ESP operation is similar to the dry ESP through the charging and collection of flue gas
particulates, the wet technology has significant advantages. The wet ESP is not sensitive to particulate resistivity and
can accommodate changes in particulate loading more easily than a dry ESP. Collection plates can be fabricated
from metal or fabric, and the collected particulate is washed off the plates with water.

Wet ESPs have successfully been demonstrated on similar oil particulate or chemical mist applications. However,
flue gas leaving the wet ESP will be saturated and may result in a visual steam plume exiting the stack. The wet ESP
will use water to collect and remove the particulates, and will produce a wastewater byproduct.

While the wet ESP PM|, emission level is estimated to be similar to a fabric filter without SDA operation, increased
particulate loading from an SDA may not allow a wet ESP to meet required collection efficiency. Therefore, a wet
ESP is not a technically acceptable alternative when matched with an SDA.
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Fabric Filter. Fabric filter technology achieves particulate reduction through the filtration of the flue gas through
filter bags. The collected particles are periodically removed from the bag through a pulse jet or reverse flow
mechanism. A pulse jet fiitration system would likely be selected for installation on ST1, because this fabric filter
technology results in lower capital cost and a smaller required footprint.

Because of the somewhat sticky particles produced during oil firing, appropriate fabric or coating bags with a
suitable pre-coat material are imperative. If fabric bags become “blinded” by allowing hard-to-remove particulates
to become embedded in the fabric structure, total bag replacement may be necessary. Blinded bags will continue to
provide excellent filtration efficiencies; however, the pressure drop across the fabric may exceed system draft
capability.

While a fabric filter is not an acceptable alternative for particulate matter/PM;, emissions control for an oil-fired unit
without using a coating material, it is anticipated to function satisfactorily with a pre-coat and the increased
particulate loading from the SDA operation,

Step 3: Evaluate Conirol Effectiveness of Remaining Control Technologies

ST1 particulate matter emissions are currently estimated at 0.0737 Ib/MMBtu while burning No. 6 fuel oil. From the
RBLC review completed in Section 3.2, the BART PM; analysis will be completed only for the case of firing 100
percent No. 6 fuel oil.

The PM;, control technology emission rates are summarized in Table 3-7. No capital costs are associated with
switching to PNG.

TABLE 3-7
PM1o CONTRCL TECHNOLOGY EMISSION RATES
ST
Expected PM:y Emission Rate
Control Technology (Ib/MMBtu}
Current Baseline 0.0737
Fabric Filter 0.015
New LNB? 0.0015
Switch to PNG 0.0075
NOTES:

# When burning No. 2 fuel oil

Step 4: Evaluate Impacts and Document the Results
This step involves the consideration of energy, environmental, and economic impacts associated with each control
technology. The remaining useful life of the plant is also considered during the evaluation.

Energy Impacts. No additional energy impact is expected from PM,, reduction as a result of a new
LNBs/particulate maiter burner retrofit or burning of low-sulfur fuel oil. A fabric filter and ductwork will add an
estimated 6 to 8 inches of water pressure drop to the system and additional electrical load requirements.

Environmental Impacts. There are no negative environmental impacts from the usage of new LNBs/particulate
matter burners, switching to low-sulfur diesel fuel, or using a fabric filter.

Economic Impacts. A summary of the costs and particulate matter removed for the alternatives is recorded in
Table 3-8. The complete Economic Analysis is contained in Appendix A.
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TABLE 3-8
PARTICULATE MATTER CONTROL COST COMPARISON*
8T
Switch to

Factor Fabric Filter Switch to PNG  Low-Sulfur Fuel
Totat Installed Capital Costs $20,000,000° 30 $1,000,000°
Total First Year Fixed and Variable O&M Costs $253,502 - -
Total First Year Annualized Cost $3,615,938 - -
Power Consumption (MW) C.40 - -
Annual Power Usage (Million kW-HrfYear) 1.4 - -
Particulate Matter Design Control Efficiency 79.6% - -
Tons Particulate Matter Removed per Year 116 - -
First Year Ave Control Cost {($/Ton of Particulate Matter Removed) 24,916 - -
Incremental Controf Cost (3/Ton Particulate Matter Removed) 31,284 - -
NOTES:

LNB costs included in Section 3.1.1
* Based on vendor cost information
® From CH2M HILL database

Preliminary BART Selection. The four-step evaluation indicates that using PNG or low-sulfur fuel oil would
represent BART for ST1 based on its significant reduction in PM,y emissions, no additional control cost, and no
environmental impacts. Although the installation of a fabric filter would achieve acceptable PM,, emission levels
while burning No. 6 fuel oil, a significant capital expenditure is required.

Step 5: Evaluate Visibility Impacts
Please see Section 4.0, BART Modeling Analysis.

3.2 Summary

The most cost-effective emissions control scenario includes using PNG as fuel and the installation of LNB with
FGR (which will also burn fuel oil with minor equipment change out). Because AEPCO desires a backup secondary
fuel, No. 2 fuel oil can also be burned with an LNB installation. No. 6 fuel oil may be used if an SDA and fabric
filter are instalied for SO; and PMy emissions reduction, respectively, in addition to an LNB upgrade.
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4.0 BART Modeling Analysis

4.1 Introduction

This section presents the dispersion modeling methods and results for estimating the degree of visibility
improvement from BART control technology options for the AEPCO ST1.

To a large extent, the modeling followed the methodology outlined in the WRAP protocol for performing BART
analyses (WRAP, 2006). Any proposed deviations from that methodology are documented in this report.

4.2 Model Selection

CH2M HILL used the EPA-required CALPUFF modeling system to assess the visibility impacts at Class I areas.
CALPUFF is a multi-layer, multi-species non-steady-state puff dispersion model that simulates the effects of time-
and space-varying meteorclogical conditions on poliution transport, transformation and removal, BART guidance
says, “CALPUFF is the best regulatory modeling application currently available {or predicting a single source’s
contribution to visibility impairment and is currently the only EPA-approved model for use in estimating single
source pollutant concentrations resulting from the long range transport of pollutants.”

The CALPUFF modeling system includes the meteorological data pre-processing program for CALPUFF
(CALMET) with algorithms for chemical transformation and deposition, and a post processor capable of calculating
concentrations, visibility impacts, and deposition (CALPOST). The CALPUFF modeling system was applied in a
full, refined mode.

CH2M HILL used the latest version {Version 6) of the CALPUFF modeling system preprocessors and models in
licu of the EPA-approved versions (Version 5). The FLM and others have noted that the EPA-approved Version 5
contained errors and that a newer version should be used. Consequently, it was decided to use the latest (as of April
2006) version of the CALPUFF modeling system (available at www.src.com):

e CALMET Version 6.211 Level 060414
e«  CALPUFF Version 6.112 Level 060412

CALMET, CALPUFF, CALPOST, and POSTUTIL were recompiled with the Lahey/Fujitsu Fortran 95 Compiler
(Release 7.10.02) to accommodate the large CALMET domain. The recompiled processors were tested against the
test case resuits provided with the source code (TRC, 2007), and the difference between the results was 0,03 percent,

4.3 CALMET Methodology

4,31 Dimensions of the Modeling Domain

CH2M HILL defined domains for Mesoscale Meteorological Model, Version 5 (MMS3), CALMET, and CALPUFF
that were slightly different than those established for the Arizona BART modeling in WRAP (2006). In addition, the
CALMET and CALPUFF Lambert Conformal Conic {LCC) map projection used in this analysis is based on a
central meridian of 110° W rather than 97° W. This puts the central meridian near the center of the domain.

CH2M HILL used the CALMET model to generate three-dimensional wind fields and other meteorological
parameters suitable for use by the CALPUFF model. A CALMET modeling domain has been defined to allow for at
least a 50-kilometer buffer around all Class I areas within 300 kilometers of the Apache Power Plant. Grid resolution
for this domain was 4 kilometers. Figure 4-1 shows the extent of the modeling domain.
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FIGURE 4-1
CALPUFF and CALMET Modeling Domains
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The technical options recommended in WRAP (2006) were used for CALMET. Vertical resolution of the wind field
included 11 layers, with vertical cell face heights as follows (in meters):

« 0,20, 100, 200, 350, 500, 750, 1000, 2000, 3000, 4000, 5000

Also, following WRAP (2006), ZIMAX were set to 4,500 meters based on the Colorado Department of Health and
Environment (CDPHE) analyses of soundings for summer ozone events in the Denver area (CDPHE, 2005). The
CDPHE analysis suggests mixing heights in the Denver area are often well above the CALMET default value of
3,000 meters during the summer. For example, on some summer days, ozone levels are elevated to 6,000 meters
mean sea level or beyond during some meteorological regimes, including some regimes associated with high-ozone
episodes. It is assumed that, as in Denver, mixing heights in excess of the 3,000 meters AGL CALMET default
maximum would occur in the domain used for this analysis.

Table 4-1 lists the key user-specified options.

TABLE 4-1
USER-SPECIFIED CALMET OPTIONS

CALMET Input

Description Parameter Value
' CALMET input Group 2
Map projection PMAP LCC
Grid spacing DGRIDKM s
. Number —— B - -
Top of lowest layer (meters) 20
Top of highest layer (meters} 5000

CALMET Input Group 4
Observation mode NOOBS 1

CALMET Input Group 5

Extrapotation of surface wind observations IEXTRP 4
Prognostic or MM-FDDA data switch o IPROG 14
 Max surface over-and extrapolation radius (kiometers)  RMAX1 50
Max aloft over-land extrapolations radius (kilometers) RMAX2 50
Radius of influence of terrain features (kilometers) TERRAD 10
Relative weight at surface of Step 1 field and t.Jbs. _"F;’“‘i 25
Relative weight aloft of Step 1 field and obs R2 25
= . ' _' _' ' :_ ' o ' _ " .CALMET Input Group 6 - S _
Maximum over-land mixing height {meters) ZIMAX 4,500

43.2 CALMET Input Data

CH2M HILL ran the CALMET model to produce 3 years of analysis: 2001, 2002, and 2003. CH2M HILL used
MMS5 data as the basis for the CALMET wind fields. The horizontal resolution of the MMS5 data is 36 kilometers.

For 2001, CH2ZM HILL used MMS5 data at 36-kilometers resolution that were obtained from the contractor (Alpine
Geophysics) who developed the nationwide data for the EPA. For 2002, CH2ZM HILL used 36-kilomters MM3 data
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obtained from Alpine Geophysics, originally developed for the WRAP. Data for 2003 (also from Alpine
Geophysics), at 36-kilometers resolution, were developed by the Wisconsin Department of Natural Resources, the
Illinois Environmental Protection Agency, and the Lake Michigan Air Directors Consortium (Midwest RPO).

The MMS3 data were used as input to CALMET as the “initial guess™ wind field. The initial guess field was adjusted
by CALMET for local terrain and land use effects to generate a Step 1 wind field, and then further refined using
local surface observations to create a final Step 2 wind field.

Surface data for 2001 through 2003 were obtained from the Nationai Climatic Data Center. In addition, concurrent
surface data collected at the Apache Generating Station were also included in developing the CALMET data.

CH2M HILL processed data for all stations from the National Weather Service’s (NWS) Automated Surface
Observing Systern network that are in the domain. The surface data were obtained in abbreviated DATSAV3 format,
A conversion routine available from the TRC website was used to convert the DATSAV3 files to CD 144 format for
iniput to the SMERGE preprocessor and CALMET.

Land use and terrain data were obtained from the U.S. Geological Survey (USGS). Land use data were obtained in
Composite Theme Grid format from the USGS, and the Level [ USGS land use categories were mapped into the 14
primary CALMET land use categories. Surface properties, such as albedo, Bowen ratio, roughness length, and leaf
area index, were computed from the land use values. Terrain data were taken from USGS 1 degree Digital Elevation
Model data, which are primarily derived from USGS 1:250,000 scale topographic maps. Missing land use data were
filled with a value that is appropriate for the missing area.

Precipitation data were ordered from the National Climate Data Center. All available data in fixed-length, TD-3240
format were ordered for the modeling domain. The list of available stations and stations that have collected complete
data varies by year, but CH2M HILL processed all available stations/data within the domain for each year.
Precipitation data were prepared with the PXTRACT/PMERGE processors in preparation for use within CALMET.

Following the methodology recommended in WRAP (2006), no observed upper-air meteorological observations
were used as they are redundant to the MMS3 data and may introduce spurious artifacts in the wind fields. In the
development of the MMS5 data, the twice-daily upper-air meteorological observations were used as input with the
MMS3 model. The MM35 estimates were nudged to the upper-air observations as part of the Four Dimensional Data
Assimilation. This results in higher temporal (hourly versus 12-hour) and spatial (36 kilometers versus

~300 kilometers) resolution for the upper-air meteorology in the MMS field. These MMS data are more dynamically
balanced than those contained in the upper-air observations. Therefore, the use of the upper-air observations with
CALMET is not needed, and in fact, will upset the dynamic balance of the meteorological fields potentially
producing spurious vertical velocities.

4.3.3 Validation of CALMET Wind Field

CH2M HILL used the CALDESK (program to display data and results) data display and analysis system (v2.97,
Enviromodeling Ltda.) to view plots of wind vectors and other meteorological parameters to evaluate the CALMET
wind fields. CH2M HILL observed weather conditions, as depicted in surface and upper-air weather maps from the
Nationtal Oceanic and Atmospheric Administration Central Library U.S. Daily Weather Maps Project
(http://docs.lib.noaa.gov/ rescue/ dwm/ data_rescue_daily weather_maps.html), to compare to the CALDESK
displays.

4.4 CALPUFF Methodology

441 CALPUFF Modeling

CH2M HILL ran the CALPUFF model with the meteorological output from CALMET over the CALPUFF
modeling domain (Figure 4-1). The CALPUFF model was used to predict visibility impacts for the pre-control
(baseline) scenario for comparison to the predicted impacts for post-control scenarios.
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Background Ozone and Ammonia

Hourly values of background ozone concentrations were used by CALPUFF for the calculation of SO; and NO,
transformation with the MESOPUFF 11 chemical transformation scheme. CH2M HILL used the hourly ozone data
generaled for the WRAP BART analysis for 2001, 2002, and 2003.

For periods of missing hourly ozone data, the chemical transformation relied on a monthly default value of 80 parts
per billion. Background ammonia was set to 1 part per billion as recommended in WRAP (2006).

Stack Parameters

The baseline stack parameters for the baseline and post-control scenarios were supplied by AEPCO staff. The
parameters used in the WRAP analysis appeared to be related to natural gas combustion so it was necessary to
replace these with more applicable values. The same stack data were used for all scenarios since none of the
ernission controls related to these scenarios would significantly affect the exhaust exit flows or temperatures.
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Pre-Confrol Emission Rates

Pre-control emission rates reflect normal maximum capacity 24-hour emissions that may occur under the source’s
current permit. The emission rates reflect actual emissions under normal operating conditions. As described by the
EPA in the Regional Haze Regulations and Guidelines for BART Determinations; Final Rule (40 CFR Part 51; July
6, 2005, pg 39129):

"The emissions estimates used in the models are intended to reflect steady-state operating conditions
during periods of high-capacity utilization. We do not generally recommend that emissions reflecting
periods of start-up, shutdown, and malfunction be used.”

CH2M HILL used available CEM data to determine the baseline emission rates. Data reflect operations from 2001
through 2006.

Emissions were modeled for the following species:

o Sulfur dioxide (SO;)

Oxides of nitrogen (NO,)

Coarse particulate (diameter greater than PM; 5 and less than or equal to PM,p)
Fine particulate {diameter less than or equal to PM; 5}

Elemental carbon (EC)

Organic acrosols (SOA)

Sulfates {S0;)

¢ & & o © 0

Post-control Emission Rates

Post-control emission rates reflected the effects of the emissions control scenario under consideration, Modeled
poilutants were the same as listed for the pre-control scenario.

Modeling Process
The CALPUFF modeling for the control technology options followed this sequence:

Model WRAP-RMC parameters to verify results
Model pre-control (baseline) emissions

Determine the degree of visibility improvement

Mode] other control scenarios if applicable

Determine the degree of visibility improvement

Factor visibility results into BART five-step evaluation

® ® 8 5 &

4.4.2 Receptor Grids and Coordinate Conversion

The TRC COORDS program was used to convert the latitude/longitude coordinates to LCC coordinates for the
meteorological stations and source locations. The USGS conversion program PROJ (version 4.4.6) was used to
convert the National Park Service receptor location data from latitude/longitude to LCC map.

For the Class [ areas that are within 300 kilometers of the Apache Power Plant, discrete receptors for the CALPUFF
modeling were taken from the National Park Service database for Class [ area modeling receptors. The entire area of
each Class I area that is within or intersects the 300-kilometer circle (Figure 4-1) were included in the modeling
analysis. The following lists the Class I areas that were modeled for the Apache facility:

s  Chiricahua Wilderness and National Monument (NM)

s Galiwro WA

+  GilaWA

e  Mazatzal WA

« Mount Baldy WA
®»  Pine Mountain WA
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e Saguaro NP
e Sierra Ancha WA
e  Superstition WA

4.5 Visibility Post-processing
451 CALPOST

The CALPOST processor was used to determine 24-hour average visibility results. Output is specified in deciview
{dV) units.

Calculations of light extinction were made for each poliutant modeled. The sum of all extinction values was used to
calculate the delta-dV (Adv) change relative to natural background. The following default extinction coefficients for
each species, as shown below, were used:

o  Ammonium sulfate 3.0

o Ammonium nitrate 3.0

e PM coarse {(PM) 0.6
+  PM fine (PM,s) 1.0
e  Organic carbon 4.0
o  FElemental carbon 10.0

CALPOST Visibility Method 6 (MVISBK=6) was used for the determination of visibility impacts. Monthly average
relative humidity factors (f{RH]) were used in the light extinetion calculations to account for the hygroscopic
characteristic of sulfate and nitrate particles. Monthly ARF) values, from the WRAP_RMC BART modeling, were
used in CALPOST for the particular Class I area being modeled.

The natural background conditions used in the post-processing to determine the change in visual range
background—or AdV—represent the average natural background concentration for western Class I areas,

Table 4-2 lists the annual average species concentrations from the EPA Guidance.
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TABLE 4.2
AVERAGE NATURAL LEVELS OF AEROSOL COMPONENTS

Average Natural Concentration

Aerosol Component {(uh/m®) for Western Class | Areas

Ammoenium Sulfate 0.12
Ammonium Nitrate G.10
Organic Carbon 0.47
Elemental Carbon 0.02
Soil 0.50
Coarse Mass 3.0
NOTE:

Taken from Table 2-1 of Guidance for Estimating Natural Visibility Conditions
Under the Regional Haze Rule. EPA-454/8-03-005, September 2003.

4.6 Results

Input and output files for the CALMET/CALPUFF modeling and post-processing will be provided in electronic
format to Arizona Department of Environmental Quality (ADEQ). Larger files, such as binary files generated by
CALMET, have not been included on the submitted disks, but any omilted files will be provided electronically upon
recquest.

4.6.1 WRAP Verification Runs Results

Tables 4-3 and 4-4 present the results of WRAP-RMC model verification runs. The results show good correlation in
estimated maximum AdV. Much of the difference between these values is probably attributed to the different
alignment of the LCC map grids.

TABLE 4-3
RESULTS FROM WRAP-RMC CALPUFF MODELING FOR ST1-3 (WRAP 2007}
Min Max 98" 98" Percentile AdV for Each Year .

Distance Delta Percentile Days > 98" AdV
Class | Area {(kilometers) AdV AdV 0.5 Adv 2001 2002 2003 3-year Avg
Chiricahua 45 3.56 1.96 297 1.83 1.86 2.07 1.85
Galiuro 583 3.06 1.35 141 1.35 1.16 1.67 1.39
Saguaro 57 225 1.37 152 1.44 1.25 1.31 1.33
Gila 167 1.00 0.860 31 0.62 0.73 0.47 0.81
Superstition 183 2.66 0.61 41 0.55 0.61 0.76 0.64
Mt. Baldy 207 1.27 0.29 g 0.26 0.34 0.29 0.30
Sierra Ancha 208 2.05 0.43 17 0.42 0.43 0.41 0.42
Mazatzal 254 2.07 G.44 16 0.45 0.44 0.36 0.42
Pine Mt. 300 1.74 0.34 14 0.44 0.34 0.27 0.35
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TABLE 44
VERIFICATION CALPUFF MODELING RESULTS
Min Max gg™ 98" Percentile AdV for each year 98" AdV

Distance Delta  Percentile Days > 3-year
Ciass | Area (kilometers) AdV AdV 0.5 AdV 2001 2002 2003 Avg
Chiricahua 46 4328 2.758 173 2.806 2.890 2.614 2770
Galiuro 54 4.899 2.082 78 2.215 1.885 2.291 2.134
Saguaro 58 3.839 2.282 102 2.521 1.935 2.332 2.263
Gila 167 1.606 0.709 24 0.709 0.757 0.686 0.717
Superstition 183 3.166 0.985 33 1.006 0.861 1.092 0.986
Mi. Baldy 208 1.248 0.417 6 0.352 0.476 0.357 0.395
Sierra Ancha 208 2434 0.849 15 ¢.647 0.750 0.596 0.664
Mazatzal 255 2516 0.605 1 0.634 0.574 0.491 0.566
Pine Mt. 301 2.065 0.483 8 0.536 0.558 0.362 0.485

4.6.2 BART Least Cost Analysis

The results and comparisons of the CALPUFF modeling for the baseline emission rates and those for the alternative
emission control scenarios are provided in Section 5.
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5.0 Preliminary Assessment and
Recommendations

5.1 Preliminary Recommended BART Controls

As a result of the completed technical and economic evaluations, and consideration of the modeling analysis for
8T1, the preliminary recommended BART controls for NOy, SO,, and PMy are as follows:

¢  The most cost-effective emissions control scenario includes using PNG as fuel and the installation of LNB and
FGR.

¢ [NB and FGR for NO, control.

The above NO, recommendations were identified as Scenario 1 for the modeling analysis described in Section 4.0.
Visibility improvements for all emission control scenarios were analyzed, and the results are compared below, using
a least-cost envelope, as outlined in the draft EPA New Source Review Workshop Manual (1990).

5.2 Analysis Baseline and Scenarios

Table 5-1 compares the six emission control scenarios with expected emission levels. These scenarios have been
developed to examine the effects of NO, controls and PM /SO, controls independently, For the NO, scenarios
{Scenarios | through 5}, PM;, and SO, are modeled at the baseline levels. For the PM, /SO, scenarios (Scenarios 6
and 7}, NO; is modeied at the baseline level. Although these scenarios may not reflect the potential improvements
{from emission controls for all pollutants, these allow independent assessment of controls for each pollutani.

Emission control scenarios for PM,y and SO, have combined into a single analysis to create sufficient data points for
these analyses.

All these scenarios assume combustion of No. 6 fuel oil. In general, this fuel represents the worst-case emissions for
all pollutants and emission control scenarios.
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TABLE 5-1
EMISSION CONTROL SCENARIOS
s
Expected NO, Expected SO» Expected PMyy
Emissions Emissions Emissions

Case Description (Ib/MMBtu) (Ib/MMBtu) (Ib/MMBtu)
Baseline 0.301 0.2086 0.074
Seenaric 1 LNB with FGR 0.150 0.906 0.074
Scenaric 2 ROFA 0.160 0.9086 0.074
Scenario 3 ROFA with Rotamix 0.110 0.906 0.074
Scenario 4  LNB with FGD and SNCR 0.110 0.906 0.074
Scenaric5 SCR 0.070 0.906 0.074
Scenaric 6 Fabric Filter/SDA 0.301 0.100 0.015
Scenaric 7  Fabric Fiiter 0.301 0.906 0.015

The ranking of the different NO, emission control scenarios based on annual costs, from lowest to highest cost, is
presented on Table 5-2. The ranking of the particulate matter contro] scenarios based on annual costs, from lowest to
highest cost, is presented in Table 5-3.

TABLE 5-2
RANKING OF NOx CONTROL SCENARIOS BY COST
871
Rank Scenario Total Annual Cost
1 Scenario 1 $551,982
2 Scenario 2 $939,093
3 Scenario 4 $1,079,389
4 Scenario 3 $1,505,825
5 Scenario 5 $5,704,798
TABLE 5-3
!;?;IKING OF PARTICULATE MATTER AND 80, CONTROL SCENARIOS BY COST
Rank Scenario Total Annual Cost
1 Scenario 7 $3.615,938
2 Scenario 6 $7.497,644

APACHE?_DRAFT_REPORT_12-19-07.00C 5%



BART ANALYSIS FOR ST1

The Baseline of this BART analysis was defined as the level of NO,, S0, and PM|; emission control that would be
representative of future operations without the additional cost and level of control associated with the scenarios.
Figures 5-1 through 5-4 compare the modeled contribution to visual range reduction for each Class 1 area for the
baseline and each NOy emission control scenario. Figures 5-3 through 5-8 compare the modeled contribution to
visual range reduction for each Class [ area for the baseline and each particulate matter/SO; emission control
scenario.

Of the nine Class I areas included in this analysis, results from the analysis for four of these areas are presented in
this chapter. These four areas were selected because they represented the maximum impacts shown on Tables 4-3
and 4-4. The results for all nine areas are presented in Appendix C. The four selected areas include the following:

Chiricahua WA and NM
Galiuro WA

Saguaro NP
Superstition WA

The facility impacts presented Table 4-4 demonstrates that predicted impacts at the above areas are more significant
than those at the other Class [ areas.

APACHE1_DRAFT_REPORT_12-19-07.00C 53
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BART ANALYSIS FOR 8T1

5.3 Least-Cost Envelope Analysis

The total annualized cost, cost per AdV reduction, and cost per reduction in number of days above 0.5 AdV for each
of the NO, emission contro! scenarios and each of the selected Class 1 areas are listed in Tables 5-4 through 5-7. A
comparison of the incremental costs between relevant scenarios is shown in Tables 5-8 through 5-11. The total
annualized cost versus number of days above 0.5 AdV, and the total annualized cost versus 98" percentile AdV
reduction are shown in Figures 5-9 through 5-16 for the nine Class [ areas.

5.3.1  Analysis Methodology
On page B-41 of the New Source Review Workshop Manual (EPA, 1990), the EPA states that,

“Incremental cost-effectiveness comparisons should focus on annualized cost and emission reduction
differences between dominant alternatives. Dominant set of control alternatives are determined by
generating what is called the envelope of least-cost alternatives. This is a graphical plot of total annualized
costs for a total emissions reductions for all control alternatives identified in the BACT analysis...”

An analysis of incremental cost effectiveness has been conducted. This analysis was performed in the following
way. Control scenarios are selected from points that fall on the least-cost envelope curves (Figures 5-9 through S-
16). The incremental cost-effectiveness data, expressed per day and per AdV, represents a comparison of the
different scenarios, and is summarized in Tables 5-8 through 5-11 for each of the Class [ areas. Then the most
reasonable smooth curve of least-cost control option scenarios is plotted for each analysis. Figures 5-9 through 5-16
present the cost per AdV reduction for the Class [ areas.

TABLE 5-4
NOx CONTROL SCENARIO RESULTS FOR CHIRICAHUA WA AND NM
871
Cost per
Average " Reduction in
Number of 98 Total No. of Days Cost per AdV
Days Above  Percentile  Annualize Above 0.5 Reduction
0.5 Adv AdvV d Cost AdV (Million$/ {Million$/dVv
Scenario Controls (Days} Reduction  (Million$) Day Reduced) Reduced)
Base 88 0.000 0.000 0.000 0.000

1 LNB with FGR 77 0.194 0.552 0.050 2.345

2 ROFA 77 0.256 0.939 0.085 3.668

3 ROFA with Rotamix 73 0.240 1.506 0.100 6.274

4 LNB with FGD and SNCR 73 0.240 1.079 0.072 4.497

5 SCR 71 0.409 5.705 0.338 13.948
TABLE 5-5
NOx CONTROL SCENARIO RESULTS FOR GALIURO WA
ST

Average Cost per
Number of " Reduction in
Days 98 Total No. of Days Cost per AdV
Above Percentile  Annuatized  Above 0.5 AdV Reduction
0.5 AdV AdV Cost (Million$/Day (Million$/dV

Scenaric Controls {Days) Reduction {(Million$) Reduced) Reduced)

JMS ES$1120070065LCWPACHEY_DRAFT_REPORY_12-19-07.00C 5-12



BART ANALYSIS FOR 5T1

TABLE 5-5
NOx CONTROL SCENARIO RESULTS FOR GALIURO WA
sT1

Average Cost per
Number of @ Reduction in
Days 98 Total No. of Days Cost per AdV
Above Percentile  Annualized Above 0.5 AdV Reduction
0.5 AdV AdV Cost {(Million$/Day {Million$/dVv
Scenario Controls {Days) Reduction {(Million$) Reduced) Reduced)
Base 28 0.000 0.000 0.000 0.000
1 LNB with FGR 25 0.084 0.552 0.184 6.571
2 ROFA 16 0.148 0.939 0.078 6.345
3 ROFA with Rotamix 25 0.102 1.506 0.502 14.763
4 LNB, FGD and SNCR 25 0.102 1.079 0.360 10.582
5 SCR 13 0.203 5.705 0.380 28.102
TABLE 5-8
NOx CONTROL SCENARIO RESULTS FOR SAGUARO NATIONAL PARK
ST
Average Cost per
Number of " Reduction in
Days 98 Total No. of Days Cost per AdV
Above Percentile  Annualized Above 0.5 AdV Reduction
0.5 AdV AdV Cost (Million$/Day (Million$/dV
Scenario Controis {Days) Reduction {Million$}) Reduced) Reduced)
Base 35 0.000 0.000 0.000 0.000
1 LNB with FGR 29 0.117 0.552 0.092 4718
2 ROFA 29 0.222 0.939 0.157 4,230
3 ROFA with Rotamix 29 0.152 1.506 0.251 9.907
4 LNB, FGD and SNCR 29 0.152 1.079 0.180 7.101
5 SCR 23 0.294 5.705 0.475 19.404
JIMS ES1120070065LCVAPACHE 1_DRAFT_REPORT_12-18-07.00C 513



BART ANALYSIS FOR ST1

TABLE 5-7
NOx CONTROL SCENARIO RESULTS FOR SUPERSTITION WA
STt
Average
Number Cost per Cost per
of Days 98th Total Reduction in No. AdV
Above Percentile  Annualized of Days Above 0.5 Reduction
0.5 AdV AdV Cost AdV (Million$/Day  (Million$/dV
Scenario Controls (Days) Reduction (Million%) Reduced) Reduced)
Base 4 0.000 0.000 0.600 0.000
1 LNB with FGR 4 0.026 0.552 NA 21.230
2 ROFA 4 0.047 0.839 NA 19.981
3 ROFA with Rotamix 4 0.030 1.506 NA 50.194
4 ENB with FGD and SNCR 4 0.030 1.079 NA 35.980
5 SCR 4 0.060 5.705 NA 95.080
TABLE 5-8
CHIRICAHUA WA AND NM NOx CONTROL SCENARIO INCREMENTAL ANALYSIS DATA
sT1
Incremental
Reduction in Incremental Incrementatl Incremental
Days Above AdV Incremental Cost Cost
0.5 AdV Reductions Cost Effectiveness Effectiveness
Options Compared {Days) {dV} (Million$) (Million$/Day) {Million$/dV)
Scenario 1 vs. Baseline 11 0.194 (0.552 0.050 2.845
Scenario 2 vs. Scenario 1 0 0.062 0.387 NA 6.244
Scenario 5 vs, Scenario 2 6 0.153 4,766 0.794 31.148
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BART ANALYSIS FOR 8T1

TABLE 5-8
GALIURO WA NOx CONTROL SCENARIO INCREMENTAL ANALYSIS DATA
§T1

incremental
Reduction in Incremental Incremental Incremental
Pays Above AdV Cost Cost
0.5 AdV Reductions Incremental Effectiveness Effectiveness
Options Compared (Days}) (dV) Cost (Million$)  (Million$/Day) (Million$/dV)
Scenario 1 vs. Baseline 3 0.084 0.552 0.184 6.571
Scenario 2 vs. Scenario 1 9 0.064 0.387 0.043 6.049
Scenario 5 vs. Scenario 2 3 0.055 4.766 1.589 86.649
TABLE 5-19
SAGUAROQ NP NOx CONTROL SCENARIO INCREMENTAL ANALYSIS DATA
ST
Incremental
Reduction in Incrementat Incremental Incremental
Days Above AdV Cost Cost
0.5 AdV Reductions Incremental Effectiveness Effectiveness
Options Compared {Days) {dV) Cost (Million$)  (Million$/Day) {Million$/dV)
Scenario 1 vs, Baseline 5] 0.117 0.552 0.092 4,718
Scenario 2 vs. Scenario 1 0 0.105 0.387 NA 3.8687
Scenario 5 vs. Scenario 2 5] 0.072 4,766 0.794 £66.190
TABLE 5-11
SUPERSTITION WA NOx CONTROL SCENARIC INCREMENTAL ANALYSIS DATA
ST1
incremental
Reduction in Incremental Incremental Incremental
Days Ahove AdV Cost Cost
0.5 AdV Reductions Incremental Effectiveness Effectiveness
Options Compared (Days) (dV) Cost ({Million$) (Miltion$/Day} (Million$/dV)
Scenario 1 vs. Baseline 0 0.026 0.552 NA 21,230
Scenario 2 vs. Scenario 1 0 0.021 0.387 NA 18.434
Scenario 5 vs. Scenario 2 0 0.013 4,766 NA 366.592
JMS ES112067006SLC\APACHE1_DRAFT_REPORT_12-19-07.00C 515
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BARY ANALYSIS FOR 8T1

TABLE 5-12
PARTICULATE MATTER AND S0, CONTROL SCENARIQ RESULTS FOR CHIRICAHUA WA AND NM
STt
Cost per
Reduction
in No. of
Average Days
Number @ Above
of Days 98 Total 0.5 AdV Cost per AdV
Above Percentile  Annualize (Million$/D Reduction
0.5 AdV AdV d Cost ay {Mitlion$/dv
Scenario Controls (Days) Reduction (Million$} Reduced) Reduced)
Base 88 0.000 0.000 0.000 0.000
6 Fabric Filter/SDA 19 0.765 7.498 0.109 9.801
7 Fabric Filter 85 0.010 3.616 1.205 361.594
TABLE 5-13
PARTICULATE MATTER AND SO: CONTROL SCENARIO RESULTS FCR GALIURO WA
§T1
Cost per
Reduction
in No. of
Average Days
Number @ Above
of Days 98 Total 0.5 AdV Cost per AdV
Above 0.5 Percentile Annualize (Million$/D Reduction
Adv AdV d Cost ay {Million$/dV
Scenario Controls {Days) Reduction (Million$) Reduced) Reduced)
Base 28 0.000 0.000 0.000 0.006
6 Fabric Filter/SDA 3 0.456 7.498 0.300 16.442
7 Fabric Filter 27 0.004 3.616 3.616 903.983

APACHE1_DRAFT_REPORT_12-19-07.D0C
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BART ANALYSIS FOR ST1

TABLE 5-14
PARTICULATE MATTER AND 80; CONTROL SCENARIO RESULTS FOR SAGUARO NP
8§71
Average Cost per
Number Reduction in
of Days 98th Total No. of Days Cost per AdV
Above 0.5 Percentile Annualize Above 0.5 AdV Reduction
AdV Adv d Cost {Miilion$/Day {Million$/dv
Scenario Controls {Days) Reduction  (Million$) Reduced) Reduced)
Base 35 0.000 0.000 0.000 0.000
6 Fabric Filter/SDA 5 0.550 7.498 0.250 13.632
7 Fabric Filter 35 0.004 3.616 NA 903.996
TABLE 5-15
PARTICULATE MATTER AND S0: CONTROL SCENARIO RESULTS FOR SUPERSTITION WA
8T1
Average Cost per
Number Reduction in
of Days 98th Total No. of Days Cost per AdV
Ahove 0.5 Percentile Annualize Above 0.5 AdV Reduction
AdV AdV d Cost (Million$/Day (Million$/dV
Scenario Controls (Days) Reduction  (Million$) Reduced) Reduced)
Base 4 0.000 0.000 0.000 0.000
6 Fabric Filter/SDA 0 0.249 7.498 1.874 30.111
7 Fabric Filter 4 0.001 3.616 NA 3615.985
TABLE 5-16
CHIRICAHUA WA AND NM PARTICULATE MATTER AND S0: CONTROL SCENARIO INCREMENTAL ANALYSIS DATA
Sr1
Incremental
Reduction in Incremental Incremental Incremental
Days Above AdV Cost Cost
0.5 AdV Reductions Incremental Effectiveness Effectiveness
Options Compared {Days) {dV) Cost (Million$)  (Million$/Day) (Million$/dV}
Scenario 6 vs. Baseline 69 0.765 7.498 0.109 9.801
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BART ANALYSIS FOR 5T1

TABLE 517
GALIURO WA PM AND 50: CONTROL SCENARIO INCREMENTAL ANALYSIS DATA
871
Incremental
Reduction in Incremental Incremental Incremental
Days Above AdvV Cost Cost
8.5 dVv Reductions Incremental Effectiveness Effectiveness
Options Compared (Days) (dvy Cost (Million$)  (Million$/Day) {Million$/dV)
Scenario 6 vs. Basaline 25 0.456 7.498 0.300 16.442
TABLE 5-18
SAGUARO NP PARTICULATE MATTER AND S0 CONTROL SCENARIO INCREMENTAL ANALYSIS DATA
ST
Incremental
Reduction in Incremental Incremental Incremental
Days Above AdV Cost Cost
0.5 AdV Reductions Incremental Effectiveness Effectiveness
Options Compared (Days) {dV) Cost (Million$)  (Million$/Day) (Million$/dV)
Scenario 6 vs. Baseline 30 0.550 7.498 0.250 13.632
TABLE 5-19
SUPERSTITION WA PARTICULATE MATTER AND S0z CONTROL SCENARIO INCREMENTAL ANALYSIS DATA
STt
Incremental
Igeduc;:gn fn Incremental incremental Incremental
aa’z 3"9 AdV Cost Cost
5 Ad Reductions Incremental Effectiveness Effectiveness
Options Compared {Days} (dV) Cost (Million$) (Million$/Day) (Million$/dV}
Scenario 6 vs. Baseline 4 0.249 7.498 1.874 30.111
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BART ANALYSIS FOR 8T1

53.2  Analysis Results

Results of the least-cost analysis for the various NO, emission control scenarios, shown in Tables 5-4 through 5-11
and Figures 5-9 through 5-16, confirm the selection of Scenario 1 (LNB with FGR), based on incremental cost and
visibility improvements. Scenario 2 (ROFA) shows a small AdV improvement over Scenario 1, Scenario 5 (SCR),
which also falls on the analysis envelope, has a significant increase in cost effectiveness. All other NO, control
scenarios are excluded on the basis of cost effectiveness.

Although Scenario 1 may be above the cost envelope for many of these analyses, it is still considered a valid and
preferred NO, emission option for the reasons described below. In general, the incremental improvements between
Scenario 1 and the Baseline are more significant than those between Scenario 2 and Scenario 1.

Analysis of the NO, results for the four Class [ areas in Tables 5-4 through 5-11 and Figures 5-9 through 5-16
illustrates the conclusions stated above. For Chiricahua WA and NM, the incremental cost differential for Scenario 1
compared to the Baseline is $2,845,000 per AV, which is slightly less than the incremental cost differential for
Scenario 2 compared to the Scenario 1 (86,244,000 per AdV). The incremental cost effectiveness between Scenario
2 and Scenario 5 shows a significant increase {$31,148,000 per AdV).

For these NO, control scenarios, the incremental AdV improvements between Scenario | and the Baseline at
Chiricahua (0.194 dV} are more significant than those between Scenario 2 and Scenario 1 (0.062 dV). Although
both these results include Baseline emissions for PM; and SO, these values are well below the 0.5 dV level where
a source is considered to be contributing to impairment (40 CFR Part 51 Appendix Y).

Table 5-20 demonstrates that similar impacts were predicted at the other three Class [ areas. This table, along with
Figure 5-9, shows that Scenario 1 is estimated to have reduced the days at Chiricahua with impacts above 0.5 dV by
11 days with no additional improvement for Scenario 2. Therefore, because of the significant improvements related
to Scenario 1, Scenario I represents NO, control BART for ST1.
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TABLE 5-20
INCREMENTAL IMPROVEMENTS
ST1
Scenario 1 vs. Baseline . - ' " 'Scenario 2 vs. Scenario 1
Incremental
Reduction in Days
Incremental Reduction in Incremental AdV Above 8.5 AdV Incremental AdV

Class | Area Days Above 0.5 dV (Days) Reductions (dV) {Days) Reductions (dV}
Chiricahua 11 0.194 0 0.062
Galiuro 3 0.084 9 0.064
Saguaro 5] 0.117 0 0.165
Superstition 0 0.026 0 0.021

Improvements to AdV impacts from particulate matter and SO, controls are minimal relative to uncontrofled
emissions while combusting No. 6 fuel oil. In addition, the incremental costs at Chiricahua WA and NM related to
adding a fabric filter and SDA are quite high (89,801,000 per AdV). Impacts from the combustion of No. 2 fuel oil
or natural gas without particulate matter or SO; emission controls are expected to be less than those from the
combustion of No. 6 fuel oil with emission controls.

5.4 Recommendations
541 NOx Emission Control

Based on the analysis conducted, new LNB with FGR is recommended as BART for ST1, based on the projected
significant reduction in NO, emissions, reasonable control costs, and the advantages of no non-air guality
environmental impacts.

5.4.2 S0; Emission Control

Based on the analysis conducted, no additional SO, emission control is recommended while combusting natural gas
or No. 2 fuel oil.

54.3 PMio Emission Control

Based on the analysis conducted, no additional PM;, emission control is recommended while combusting natural
gas or No. 2 fuel oil.

5.5 Just-noticeable Differences in Atmospheric Haze

Studies have been conducted that demonstrate only dV differences of approximately 1.5 to 2.0 dV or more are
perceptible by the human eye. Deciview changes of less than 1.5 cannot be distinguished by the average person.
Therefore, the modeling analysis results indicate that only minimal, if any, observable visibility improvements at the
Class I areas studied would be expected under any of the scenarios. Thus the results indicate that even though many
millions of dollars will be spent, only minimal, if any, noticeable visibility improvements may result.
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Finally, it should be noted that none of the data were corrected for natural obscuration where water in various forms
{fog, clouds, snow, or rain) or other naturally caused aerosols obscure the atmosphere. During the period of 2001
through 2003, there were several mega-wildfires that lasted for many days and could have had a significant impact
of background visibility in these Class [ areas. If natural obscuration were to reduce the reduction in visibility
impacts modeled for the 8T1 facility, the effect would be to increase the costs per AdV reduction that are presented
in this repott.
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SECTION 1.0

Introduction

This document presents a modeling protocol for estimating the degree of visibility
improvement from Best Available Retrofit Technology (BART) control technology options
for the Arizona Electric Power Cooperative (AEPCO) Apache Generating Station Steam
Units 1, 2 and 3. The Arizona Department of Environmental Quality (ADEQ) has identified
that these three boiler units at the Apache Generating Station are BART eligible and must
perform a Phase Il BART analysis.

This protocol outlines the proposed approach for the modeling analysis for the Apache
Generating Station. To a large extent, this protocol follows the methodology outlined in the
Western Regional Air Partnership (WRAP) protocol for performing BART analyses (WRAP
2006). Any proposed deviations from that methodology are documented in this protocol.
Section 2.0 describes the modeling system (CALPUFF) that will be used for the analyses.
Sections 3.0 and 4.0 describe the proposed methodology for the CALMET meteorological
model and the CALPUFF model, respectively. Section 5.0 presents a summary of the
proposed approach for the CALPOST post-processor and Section 6.0 presents a brief
description of the final report format for submittal to ADEQ. Section 7.0 contains a list of
references cited in the protocol document.

1-AEPCO_BART_MODEL_PROTOCOL_FINAL_FROM AEPCC 08-01-07.00C



SECTION 2.0

Model Selection

CH2M HILL will use the CALPUFF modeling system to assess the visibility impacts at Class
I areas. Workgroups that represent the interests of the Federal Land Managers (FLM)
recommend that an analysis of Class [ area air quality and air quality related values
(AQRVs) be performed for major sources located more than 50 km from these areas (USEPA
1998). The CALPUFF model is commonly recommended for these types of regulatory
analyses.

The CALPUFF modeling system includes the CALMET meteorological model, a Gaussian
puff dispersion model (CALPUFF) with algorithms for chemical transformation and
deposition, and a post processor capable of calculating concentrations, visibility impacts,
and deposition (CALPOST). The CALPUFF modeling system will be applied in a full,
refined mode.

CH2M HILL will use the latest version (Version 6) of the CALPUFF modeling system
preprocessors and models in lieu of the EPA-approved versions (Version 5). The Federal
Land Managers (FLMs) and others have noted that the EPA-approved Version 5 contained
errors and that a newer version should be used. In addition, Version 6 was used in the
WRAP exemption modeling. Consequently, it was decided to use the latest (as of April,
2006) version of the CALPUFF modeling system (available at www.src.com):

o CALMET Version 6.211 Level 060414
o CALPUFF Version 6.112 Level 060412
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SECTION 3.0

CALMET Methodology

3.1 Dimensions of the Modeling Domain

CH2M HILL will define domains for Mesoscale Model data (MM5), CALMET, and
CALPUFF that will be slightly different than those established for the Arizona BART
modeling in WRAP 2006. In addition, the CALMET and CALPUFF Lambert Conformal
Conic (LCC) map projection will be based on a central meridian of 110 W rather than 97 W.
This will put the central meridian near the center of the domain.

CH2M HILL will use the CALMET model to generate three-dimensional wind fields and
other meteorological parameters suitable for use by the CALPUFF model. A CALMET
modeling domain has been defined to allow for at least a 50-km buffer around all Class I
areas within 300 km of the Apache Generating Station. Grid resolution for this domain will
be 4-km. Figure 3-1 shows the extent of the proposed modeling domain.

The technical options recommended in WRAP 2006 will be used for CALMET. Vertical
resolution of the wind field will include eleven layers, with vertical cell face heights as
follows (in meters):

« 0, 20,100, 200, 350, 500, 750, 1000, 2000, 3000, 4000, 5000

Also, following WRAP 2006, the maximum over-land mixing height (ZIMAX) will be set to
4500 meters based on the Colorado Department of Health and Environment (CDPHE)
analyses of soundings for summer ozone events in the Denver area (CDPHE, 2005). The
CDPHE analysis suggests mixing heights in the Denver area are often well above the
CALMET default value of 3000 meters during the summer. For example, on some summer
days, ozone levels are elevated all the way to 6000 meters MSL or beyond during some
meteorological regimes, including some regimes associated with high ozone episodes. It is
assumed that, like in Denver, mixing heights in excess of the 3,000 m AGL CALMET default
maximum would occur in the domains considered for this analysis.

Table 3-1 lists the key user-specified options.
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Figure 3-1

CALMET and CALPUFF Domains
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TABLE 34
User-Specified CALMET Options

Description CALMET Input Parameter Value
CALMET input Group 2
Map projection PMAP Lambert Conformal (LCC)
Grid spacing DGRIDKM 4
Number vertical layers NZ 1"
Top of lowest layer (m) 20
Top of highest layer {m} 5000
CALMET Input Group 4
Observation mode NOOBS 1
CALMET Input Group 5
Prognostic or MM-FDDA data
switch IPROG 14
Max surface over-land
exirapotation radius (km) RMAX1 50
Max aloft over-land extrapolations
radius (km} RMAX2 100
Radius of influence of terrain
features (km) TERRAD 10
Relative weight at surface of Step 1
field and obs R1 100
Relative weight aloft of Step 1 field
and obs R2 200
CALMET Input Group 6
Maxirmum over-land mixing height
(m) ZIMAX 4500

3.2 CALMET Input Data

CH2M HILL will run the CALMET model to produce three years of analysis: 2001, 2002,
and 2003. CI12M HILL will use MMS5 data as the basis for the CALMET wind fields. The
horizontal resolution of the MMS5 data is 36-km.

For 2001, CI12M HILL will use MM5 data at 36-km resolution that were obtained from the
contractor (Alpine Geophysics) who developed the nationwide data for the EPA. For 2002,
CH2M HILL will use 36-km MMS5 data obtained from Alpine Geophysics, originally

developed for WRAP. Data to be used for 2003 (also from Alpine Geophysics), at 36-km

resolution, were developed by the Wisconsin Department of Natural Resources, the Illinois
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Environmental Protection Agency, and the Lake Michigan Air Directors Consortium
(Midwest RIPO).

The MM5 data will be used as input to CALMET as the “initial guess” wind field. The initial
guess field will be adjusted by CALMET for local terrain and land use effects to generate a
Step 1 wind field, and then further refined using local surface observations to create a final
Step 2 wind field.

Surface data for 2001-2003 will be obtained from the National Climatic Data Center (NCDC).
In addition, concurrent surface data collected at the Apache Generating Station will be
included. CH2M HILL will process data for all stations from the National Weather Service's
(NWS) Automated Surface Observing System (ASOS) network that are in the domain. The
surface data will be obtained in abbreviated DATSAV3 format. A conversion routine
available from the TRC website will be used to convert the DATSAV3 files to CD-144 format
for input to the SMERGE preprocessor and CALMET.

Land use and terrain data will be obtained from the U.S. Geological Survey (USGS). Land
use data will be obtained in Composite Theme Grid (CTG) format from the USGS, and the
Level I USGS land use categories will be mapped into the 14 primary CALMET land use
categories. Surface properties such as albedo, Bowen ratio, roughness length, and leaf area
index will be computed from the land use values. Terrain data will be taken from

USGS 1-degree Digital Elevation Model (DEM) data, which are primarily derived from
USGS 1:250,000 scale topographic maps. Missing land use data will be filled with a value
that is appropriate for the missing area.

Precipitation data will be ordered from the National Climatic Data Center (NCDC}. All
available data in fixed-length, TD-3240 format will be ordered for the modeling domain. The
list of available stations and stations that have collected complete data varies by year, but
CH2M HILL will process all available stations/data within the domain for each year.
Precipitation data will be prepared with the PXTRACT/PMERGE processors in preparation
for use within CALMET.

Following the methodology recommended in WRAP 2006, no observed upper-air
meteorological observations will be used as they are redundant to the MM5 data, and may
introduce spurious artifacts in the wind fields. In the development of the MM?5 data, the
twice daily upper-air meteorological observations are used as input with the MM5 model.
The MMS5 estimates are nudged to the upper-air observations as part of the Four
Dimensional Data Assimilation (FDDA). This results in higher temporal (hourly vs. 12-hour)
and spatial (36 km vs. ~300 km) resolution for the upper-air meteorology in the MMS field.
These MMS5 data are more dynamically balanced than those contained in the upper-air
observations. Therefore the use of the upper-air observations with CALMET is not needed,
and, in fact, will upset the dynamic balance of the meteorological fields potentially
producing spurious vertical velocities.

3.3 Validation of CALMET Wind Field

CH2M HILL will use the CalDESK data display and analysis system (v2.97, Enviromodeling
Ltd.) to view plots of wind vectors and other meteorological parameters to evaluate the
CALMET wind fields. We will use observed weather conditions, as depicted in surface and
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upper-air weather maps from the National Oceanic and Atmospheric Administration
{(NOAA) Central Library U.S. Daily Weather Maps Project (http://docs.lib.noaa.gov/
rescue/dwm/data_rescue_daily_weather_maps.html), to compare to the CalDESK displays.
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SECTION 4.0 ‘

CALPUFF Methodolog

41 CALPUFF Modeling

CH2M HILL wil drive the CALPUFF model with the meteorological output from CALMET
over the CALPUFF modeling domain (Figure 3-1). The CALPUFF model will be used to
predict visibility impacts for the pre-control (baseline) scenario for comparison to the
predicted impacts for post-conirol scenarios.

4.1.1 Background Ozone and Ammonia

Hourly values of background ozone concentrations will be used by CALPUFF for the
calculation of 80, and NOx transformation with the MESOPUFF II chemical transformation
scheme. CH2M HILL will use the hourly ozone data generated for the WRAP BART
analysis for 2001, 2002, and 2003.

For periods of missing hourly ozone data, the chemical transformation will rely on a
monthly default value of 80 ppb. Background ammonia will be set to T ppb as
recommended in WRAP 2006.

4.1.2 Stack Parameters

The baseline stack parameters will be the same as those used in the WRAP-RMC exemption
modeling. Post-control stack parameters will reflect any anticipated changes from operation
of the control technology alternatives that are being evaluated.

4.1.3 Pre-Control Emission Rates

Pre-control emission rates will reflect normal maximum capacity 24-hour emissions that
may occur under the source’s current permit. The emission rates will reflect actual emissions
under normal operating conditions. As described by the EPA in the Regional Haze
Regulations and Guidelines for Best Available Retrofit Technology (BART) Determinations; Final
Rule (40 CFR Part 51; July 6, 2005, pg 39129):

The emissions estimates used in the models are intended to reflect steady-state
operating conditions during periods of high-capacity utilization. We do not generally
recommend that emissions reflecting periods of start-up, shutdown, and malfunction
be used. ..

CH2M HILL will use available CEM data to determine the baseline 24-hour emission rates.
Data will reflect operations from 2002 through 2006.

Although the WRATP Exemption Modeling evaluated emissions of NOx, S0O2, and PM2.5,
particulate matter speciation data from the USEPA or National Park Service are proposed
for this analysis (USEPA 2007, NPS 2007). Therefore emissions will be modeled for the
following species:
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e Sulfur dioxide (SO2)

o Nitrogen oxides (NOy)

o Coarse particulate (PMa5 < diameter < PMyy)
o Fine particulate (diameter < PM;5)

¢ Elemental carbon (EC)

e Organic aerosols (SOA)

e Sulfates (SO4)

4.1.4 Post Control Emission Rates

Post-control emission rates will reflect the effects of the emissions control scenario under
consideration. Modeled pollutants will be the same as listed for the pre-control scenario.

41.5 Modeling Process
The CALPUFF modeling for the control technology options will follow this sequence:

o Model pre-control {baseline) emissions

¢ Determine the degree of visibility improvement

o Model other control scenarios if applicable

¢ Determine the degree of visibility improvement

o Factor visibility results into BART ”5-step” evaluation

4.2 Receptor Grids and Coordinate Conversion

The TRC COORDS program will be used to convert the latitude/ longitude coordinates to
LCC coordinates for the meteorological stations and source locations. The USGS conversion
program PROJ (version 4.4.6) will be used to convert the National Park Service (NPS)
receptor location data from latitude/longitude to LCC.

For the Class I areas that are within 300 km of the Apache Generating Station, discrete
receptors for the CALPUFF modeling will be taken from the NPS database for Class [ area
modeling receptors. The entire area of each Class I area that is within or intersects the 300
km circle (Figure 3-1) will be included in the modeling analysis. The following lists the Class
[ areas that will be modeled for the Apache Generating Station:

¢  Chiricahua Wilderness and National Monument
Galiuro Wilderness

Saguaro National Park

Gila Wilderness

Superstition Wilderness

Mount Baldy Wilderness

Sierra Ancha Wilderness

Mazatzal Wilderness

L]
L]

1-AEPCO_BART_MODEL_PROTCCOL_FINAL_FROM AEPCO_08-01-07.00C 4-2



SECTION 5.0

Visibility Post-processing

5.1 CALPOST

{ The CALPOST processor will be used to determine 24-hour average visibility results.
Output will be specified in deciview (dv) units.

( Calculations of light extinction will be made for each pollutant modeled. The sum of all
' extinction values will be used to calculate the delta-dv change relative to natural
background. Default extinction coefficients for each species, as shown below, will be used.

e Ammonium sulfate 3.0
o Ammonium nitrate 3.0
» PM coarse {PMig) 06
e PM fine (PM,5) 1.0
e o Organic carbon 4.0
f/ : o Elemental carbon 10.0
p CALPOST visibility Method 6 (MVISBK=6) will be used for the determination of visibility

impacts. Monthly average relative humidity factors [{{RH)] will be used in the light
extinction calculations to account for the hygroscopic characteristic of sulfate and nitrate
particles. Monthly f(RH) values will be the same as the Class [ area specific values used in
the WRAP-RMC BART modeling.

The natural background conditions as a reference for determination of the delta-dv change
will represent the average natural concentration for western Class I areas. Table 5-1 lists the
annual average species concentrations from the EPA Guidance.

TABLE 5-1
- Average Natural Levels of Aerosol Componenis
3 Aerosol Component Average Natural Concentration (pglm3) for Western Class | Areas
Ammonium Sulfate 0.12
Ammonium Nitrate 0.10
Organic Carbon 0.47
Eiemental Carbon 0.02
Saoil 0.50
Coarse Mass 3.0

Note: Taken from Table 2-1 of Guidance for Estimating Natural Visibility Conditions Under the Regional Haze Rule.
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SECTION 6.0

Presentation of Results

The results for a given year of meteorology, each emission control scenario, and each Class I
area will be presented as the maximum Adv and 98th percentile Adv over the 3-year period,
as well as the maximum number of days per year that the maximum Adv exceeds 0.5 dv.

For the BART analysis, the model results for each emission control scenario will be
compared to those for the baseline scenario. Incremental differences between increasing
levels of control will also be evaluated.

The methodology and results of the CALPUFF modeling analyses will be presented in a
technical report for each unit that is subject to BART. Input and output files for the
CALMET/CALPUFF modeling and post-processing will be provided in electronic format to
the ADEQ. Larger files such as binary files generated by CALMET will not be included on
the submitted disks, but any omitted files will be provided electronically upon request.
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MEMORANDUM

Arizona BART Modeling Protocol and CALMET
Settings by WRAP

T0: Arizona Electric Power Cooperative, Inc.

FROM: John Frohning/ CH2M HILL
Gordon Frisbie/ CH2M HILL
Mary Beth Yansura/ CH2M HILL

DATE: August 28, 2007

introduction

CH2M HILL has evaluated the current Western Regional Air Parinership (WRAP) Best
Available Retrofit Technology (BART) applicability assessments for facilities in Arizona. In
their BART modeling, WRAP used the CALPUFF modeling system to estimate eligible
facilities” impacts on federal CLASS T areas within 300-km of each facility.

Prior to conducting the modeling analysis, WRAP prepared a modeling protocol? which
outlines their approach and selection of control parameter values (settings) used in the
CALMET and CALPUFF control files. The WRAP protocol gives a fairly good support for
their selection of several settings. However, some of the selected settings are not supported
with any documentation including some of the CALMET settings used in the generation of
the three-dimensional wind field.

Influence of Surface Meteorological Data

MMS gridded three-dimensional meteorological data are used as the initial guess wind field
in CALMET for both the WRAP and the proposed CH2M HILL analyses. These data can be
further adjusted by introducing observational meteorological data and specifying the radius
of influence of this data within or near the CALMET domain. The extent of this influence is
established by the following parameters.

o [EXTRP - Extrapolation of surface wind observations to upper layers

R1 - Relative weighting of the first guess field and observations in the surface layer
RMAX1 - Maximum radius of influence over land in the surface layer

R2 - Relative weighting of the first guess field and observations in the layers aloft

o RMAX2 - Maximum radius of influence over land aloft

e
L]

R1 and R2 values describe the distance from the observed meteorological data station at
which the surface data and initial guess wind field (MM data as adjusted for terrain and
other effects) are weighted equally (i.e., the point at which the surface station is weighted

1 CALMET/CALPUFF Profocol for BART Exemption Screening Analysis for Class | Areas in the Western United States. August
2006
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ARIZONA BART MODELING PROTOCOL AND CALMET SETTINGS BY WRAP
AUGUST 28, 2007

50% and the initial guess wind field is weighted 50%). After the R1 and R2 distances, the
initial guess wind field has more weight in the calculation of the CALMET wind field.

Generally, the R1 and R2 values are set to less than the RMAXI and RMAX2 values to allow
better smoothing between the observational data and the initial guess wind field.

Comparison of WRAP Settings and Proposed Settings

The R1, R2, RMAX1, and RMAX2 values selected by WRAP are not explained in the
modeling protocol. The WRAP selected values for [EXTRF, R1, R2, RMAX1, and RMAX2 are
summarized below:

o [EXTRP =1 (no extrapolation of surface observation data is done)
o R1=100km

e R2=200km

e RMAX1 =50 km

o RMAX2=100km

WRATP has R1 and R2 values that are larger than the RMAXT and RMAX2 values. This
means at the RMAX distances, the surface stations are weighted greater than the MM5 data.
Defining the parameters in this way causes a noticeable boundary in the wind field at the
RMAX distances. This effect is known as crop circling in the wind field because there is a
well defined circle around the meteorological data station in the processed wind vector
map, where there is a discrepancy between the surface station data and the MM5 data (see
Figure 1 for selected day in the WRAP-defined wind field).

Crop circles in the wind field may result in inaccurate results from the CALPUFF modeling
because the wind field may be either shifting the plume transport too greatly between
individual time steps, or may push the plume back to the original cell in a small time step.

To alleviate this problem, it is proposed that the R1, R2, RMAX1, and RMAX2 values be
modified to allow better smoothing in the wind field.

In addition, by using an IEXTRP value of 1, the WRAP CALMET processing prevents the
surface stations from influencing the meteorological data above the surface layer (see Figure
2 for selected day at WRAP-defined IEXTRP value of 1). We are proposing to use an [EXTRP
value of 4 (the CALMET default value) which allows some influence of the surface data on
the layers above the surface.

After evaluating the locations of the meteorological stations and the proximity of the
stations to each other and nearby terrain features, the proposed R1, R2, RMAX1, and
RMAX2 values are summarized below.

o [EXTRP = 4 (similarity theory used )
o R1:25-km

o R2:25-km

o  RMAXI: 50-km

o RMAX2:50-km

2-AZ-CALMET-SETUP-MEMO(082807)_JY (ADEQLDOC 2
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ARIZONA BART MODELING PROTOCCL AND CALMET SETTINGS BY WRAP
AUGLIST 28, 2007

Changing the IEXTRP, R1, R2, RMAX1, and RMAX2 to the values above results in better
smoothing in the CALMET wind field at the RMAX distances and minimizes the crop
circling affect surrounding each surface station. This also allows a reasonable amount of
surface station influence on the upper layers of meteorological data. Figures 3 and 4 present

the resulting proposed wind fields that can be compared to the WRAP wind fields (Figures
1and 2).
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ARIZONA BART MODELING PROTOCOL AND CALMET SETTINGS BY WRAP

12/08/2001, Hour

WRAP Surface Level CALMET Vector Grid

Figure 1 - WRAP Wind Field, Surface Layer, Date
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ARIZONA BART MODELING PROTOCOL AND CALMET SETTINGS BY WRAP
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12/08/2001, Hour

Figure 3 - Proposed Revised Wind Field, Surface Layer, Date

Proposed surface Level CALMET Vector Grid
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From: Eric C. Massey <Massey.BricBazdeq.gov>

To: mfreeark@ssw.coop <mfreeark@ssw.ccop>

Cc: Leonard H. Montenegro <Montenegro.Leonardfazdeq.gov>; Jie Yang
<Yang.Jiefazdeq.gov>; Trevor Baggiore <Baggiore.Trevor@azdeq.gov>;
jandrewl@aepco.coop <jandrewlaepco.coop>; Montalvo, Kara/PHX

Sent: Fri Sep 28 10:54:01 2007

Subiect: RE: AEPCO Modeling Protocol Amendment

Michelle,

Thank you for the follow-up call yesterday, as well as your e~mail. I've loocked
through my records, and I can't find any evidence that I responded to the
September 7, 2007, e-mail. Please accept my sincere apologies. It seems that I
had all of the information to respond, and I thought I had responded, but
perhaps I am remembering my intention to respond. In either event, I apologize
for the delay in responding. Here is ADEQ's response to AEPCC's request that we
reconsider scme of our previcus decisions:

ADEQ has reevaluated AEPCO's proposal of using TEXTRP=4 in their CALPUFF
modeling for BART analysis. This option allows CALMET to extrapolate surface
observational wind to upper level. ADEQ agrees that this coption will allow a
fully use of the on-site metecrolegical data. ADEQ approves the use of IEXTRP=4
for AEPCO's BART modeling. Considering the CALMET model only extrapolating
surface wind up to the user specified minimum mixing height {(Z2IMIN) (Version 6),
ADEQ requires that ZIMIN be set as the same value that WRAP used in their BART
screening modeling, i.e. 50 meters. This setting will eliminate surface
extrapolation at layers that are more than 50 meters above the ground. This is
appropriate since the upper layer wind should be free of surface terrain impact
and is most likely to be different from the surface wind.

ADEQ also approves the use of default BIAS values, i.e. zero for all vertical
layers. Since there will be no upper alr observational data to be processed in
CALMET, the actual wvalue of BIAS should have no impact on model behavior.

Finally, to confirm our discussion yesterday, I had spoken with the Regional
Modeling Center, and they indicated that they would not be able to re-run the
original medeling analysis for us. My reccoemmendation would be to work with your
consultant to run two versions of vyour model. One with the correct coal data,
before applying any potential BART controls, and the second with the correct
coal data along with the BART controls. When submitting this analysis to us,
please just remind us that the original modeling anlaysis used an incorrect set
of emissions factors, and that you re-ran the mcodel to provide us with more
representative information about the source's pre-BART impacts.

Thanks for the reminders, and I am terribly sorry that this did not get
communicated to you sooner.

Eric



N N Y

To: "Eric C. Massey" <Massey.EricfBazdeq.gov>

From: James Andrew/Power Production/SSW

Date: 08/07/2007 09:5%AM

cc: Kara.Montalve@chZm.com, "Eric C. Massey" <Massey.Ericfazdeqg.gov>,
mfreeark@ssw.coop, "Leconard H. Montenegro" <Montenegro.Leonard@azdeg.gov>, "Jie
Yang" <Yang.Jielfazdeg.gov>

Subject: RE: AEPCO Modeling Protoccol Amendment

Eric,

AEPCO respectfully submits this response to ADEQ's comments on the BART
Modeling Protoccl Amendment.

We realize that ADEQ has stated that it cannot support the default CALMET
setting of IEXTRP = 4 but AEPCO urges ADEQ to reconsider. Applying the default
CALMET setting cof IEXTRP = 4, as proposed by CHZMHILL, will allow AEPCO to more
fully utilize actual on-site hourly meteorclogical data for Apache Generating
Staticen to achieve the goal of CALMET/CALPUFF modeling - to generate spatially
and temporally refined estimates of pollutant dispersion.

In CALMET, MM5 data are used as the "first guess™ wind fields.
Geographically, the MM5 data only have a 36-kilometer resolution, and the
smallest MM5 time interval is set by surface data which "nudges" the estinmates
at 3-hour intervals. CALPUFF modeling estimates dispersion at l-hour intervals,
and allows the pollutant dispersicon to be estimated over a finer horizontal grid
resolution.

Using MM5 to generate CALPUFF results could miss many wind events and wind
shifts in the upper air that may exist at finer spatial and tempcoral resolution.
This could be especially important for locations with on-site hourly
meteorological data, or within areas with higher resolution terrain influence.
Extrapolating the surface observations takes advantage of finer resolution data
to determine the initial direction that the plume is traveling in the layers
aloft. Note that this influence is regulated by using the Similarity Theory in
Version 6 of CALMET, which uses Belijaars and Holtslag (1991) as opposed to van
Ulden and Holtslag (1985) to correct some errors with interpolation above 200
meters.

WRAP has stated that there 1s a conflict between IEXTRP = 4 and RMINZ = 4.
RMINZ is the distance surrcunding an upper air station where surface data will
not be used to extrapolate to upper layers. Since no upper alr observation
station data were used in developing the grid, this is a moot point. The false
velocities WRAP is referencing would cccur at the boundary of the 4-km radius
around upper air stations that don't exist.

Additicnally, setting BIAS to 0 does not create an unlimited influence of
extrapcolated surface wind in the upper layers. The BIAS value changes the
weighting of the upper air station or surface station data based on vertical
extrapelaticon. Changing this setting would be negligible in this case since
there is no upper air data to weligh against in the wind field. The only change
that would make a difference would be to completely eliminate the surface data
influence for certain levels. However, since IEXTRP = 4, Similarity Theory is
used so the surface station already has less influence on the higher vertical
levels.



In summary, surface data provide actual meteorclogical conditions that are
averaged at l-hour intervals. These data capture real meteorological conditions
that may not be accounted for in the coarse resolution of the MM5 data. Limiting
the effects of these data to the 10 meter level, would neglect the actual
dispersion of air pollutants above this level that would occur at these times.
It would be more realistic to allow limited influence of the surface data in the
levels above the 10 meter layer. These effects would be vertically limited by
Similarity Theory, and horizontally by the R and RMAX values.

Thank you for your consideration.

James M. Andrew

Manager of Regulatory Affairs
Arizona Electric Power Coop., Inc.
520.384.6517

5202375932@vtext.com - page
520.237.5932 - cell
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TABLE C-1

NGOy Control Scenario Results for Gita Wilderness

Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbDaVSG 5 98th Total Above 0.5 Cost per AdV
OA‘C;% ' Percentile Annualized AdvV Reduction
AdV Cost {Million$/Day (Million$/dV
Scenario Controis {Days) Reduction {Million$) Reduced) Reduced)
Base 0 0.000 0.000 0.000 0.000
1 £NB w/FGR 0.020 0.552 NA 27.599
2 ROFA 0 0.048 0.839 NA 19.564
3 ROFA w/Rotamix 0 0.03¢ 1.508 NA 50,194
4 LNB w/ FGD & SNCR 0 0.030 1.079 NA 35.980
5 3CR 0 0.081 5.708 NA 93.521
TABLE C-2
NOy Control Scenario Results for Mount Baldy Wilderness
Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbDayso 5 98th Total Above 0.5 Cost per AdV
z‘(ﬁ( . Percentile  Annualized AdV Reduction
AdV Cost {Million$/Day {Million$/dV
Scenario Controls {Days) Reduction {Million$}) Reduced) Reduced)
Base 0 0.006 0.000 0.000 0.000
1 LNB w/FGR 0 0.008 0.552 NA 68.998
2 ROFA 0 0.013 0.939 NA 72.238
3 ROFA wiRotamix 0 0.010 1.506 NA 150.583
4 LNB w/ FGD & SNCR 0 0.010 1.079 NA 107.939
5 SCR 0 0.621 5705 NA 271.657




TABLE C-3

NOx Control Scenario Resulis for Sierra Ancha Wildemess

Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbDaV"‘G 5 98th Total Above 0.5 Cost per AdV
‘:&‘é‘; . Percentile  Annualized AdV Reduction
AdV Cost {Million$/Day (Million$/dv
Scenario Conirols {Days} Reduction {Million$) Reduced) Reduced)
Base 2 0.000 0.000 0.Co0 0.000
1 LNB w/FGR 2 0.021 0.552 NA 26.285
2 ROFA 2 0.033 0.938 NA 28.457
3 ROFA w/Rotamix 1 0.026 1.506 1.506 57.916
4 LNB w/ FGD & SNCR 1 0.026 1.079 1.078 41.515
5 SCR o 0.044 5705 2.852 129.655
TABLE C-4
NO Control Scenario Results for Mazatzal Wilderness
Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbD“VSG 5 98th Total Above 0.5 Cost per AdV
g‘é% . Percentile  Annualized AdV Reduction
AdV Cost {Mitlion$/Day {Million$/dv
Scenario Controls {Days) Reduction {Mitlion$) Reduced} Reduced)
Base 2 0.000 0.000 0.000 0.000
1 LNB wiFGR 2 0.007 0.552 NA 78.855
2 ROFA 2 0.038 0.932 NA 24.713
3 ROFA w/Rotamix 2 0.016 1.506 NA 94.114
4 LNB w/ FGD & SNCR 2 0.016 1.079 NA 67.462
5 SCR 2 0.039 5.705 NA 146.277




TABLE C-§

NOx Control Scenario Results for Pine Mountain Wilderness

Apache 1
Cost per
Average Reduction in
Number of No. of Days
Ablg?ryso 5 98th Total Above 0.5 Cost per AdV
A dﬁ! - Percentile Annualized Adv Reduction
adv Cost (Million$/Day {Million$/dV
Scenario Controls {Days;} Reduction {MiHlion$) Reduced) Reduced)
Base 2 C.000 0.000 0.000 0.000
1 LNB w/FGR 2 0.015 0.552 NA 36.799
2 ROFA 2 0.025 0.939 NA 32.383
3 ROFA w/Rotamix 1 £.021 1.506 1.506 71.708
4 LNB w/ FGD & SNCR 1 0.021 1.079 1.079 51.399
5 SCR 1 4.040 5.705 5,708 142620
TABLE C-6
Gita Wilderness NOx Control Scenario incremental Anatysis Data
Apache 1
Incrementat
Reduction in
Days Above 0.5 Incrggl;ntal Encrég:etntal
Adv Incremental AdV Incremental Effectiveness Effectiveness
Options Compared {Days) Reductions {dV) Cost {(Million$) {Miltion$/Days) {Million$/dV)
Scenario 1 vs. Baseline 0 0.020 0.552 NA 27.599
Scenario 2 vs. Scenaric 1 0 0.028 (.387 NA 13.825
Scenario 5 vs. Scenaric 2 0 3.013 4.766 NA 366.593
TABLE C-7
Mount Baldy Wildermess NO. Control Scenario Incremental Analysis Data
Apache 1
incremental
Reduction in
Days Above 0.5 Incrce::n;ntal Incrg:;ntal
adv incrementat AdV Incremental Effectiveness Effectiveness
Options Compared {Days) Reductions {dV) Cost (Million$) {Million$/Days) {Million$/dV)
Scenatio 1 vs. Baseline 0 (.008 0.552 NA 68.998
Scenario 2 vs. Scenario 1 0 8.005 0.387 NA 77.422
Scenario 5 vs. Scenaric 2 0 0.008 4,766 NA 595.713




TABLE C-8

Sierra Ancha Wilderness Incremental Analysis Data

Apache 1
Incremental
Reduetion in
Days Above 0.5 Incrét::tntal Incrgglsetntal
adv Incremental AdV Incremental Effectiveness Effectiveness
Options Compared {Days) Reductions (dV) Cost {Million$) {Millicn$/Days) {Million$/dV)
Scenario 1 vs. Baseline 0 4.021 4.552 NA 26.285
Scenario 2 vs. Scenaria 1 0 0.012 3.387 NA 32.258
Scenario § vs. Scenario 2 2 0.011 4,766 2.383 433.246
TABLE C-§
Mazatzal Wilderness NO« Control Scenario Incremental Analysis Data
Apache 1
Incremental
Reduction in
Days Above 0.5 Incrézéetntal incrce::setnta[
adv Incremental AdV Incremental Effectiveness Effectiveness
Options Compared {Days) Reductions {dV) Cost (Miliion$) {Million$/Days) {Miliion$/dV)
Scenario 1 vs. Baseline 0 0.007 0.552 NA 78.855
Scenario 2 vs. Scenario 1 0 0.031 0.387 NA 12.487
Scenario 5 vs. Scenario 2 0 0.001 4.766 NA 4765.767
TABLE C-10
Pine Mountain Wildemness NOx Control Scenario Incremental Analysis Data
Apache 1
Incremental
Reduction in
Days Above 0.5 tncremental Incremental
AdV Cost Cost
Incremental AdV Incremental Effectiveness Effectiveness
Options Compared {Days} Reductions (dV} Cost {Million$) (Million$/Days) {Million$/dV)
Scenario 1 vs. Baseline 0 0.015 0.552 NA 36.799
Scenario 2 v§. Scenario 1 0 0.014 0.387 NA 27.651
Scenario 5 vs. Scenaric 2 1 0.011 4.766 4.766 433.246
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TABLE C-11
PM & SC: Control Scenario Resulis for Gila Wilderness
Apache 1

A Cost per
verage Reduction in
Number of No. of Days
AbDaysG 5 98th Total Above 0.5 Cost per AdV
2‘(‘;% ’ Percentile Annualized AdV Reduction
AdV Cost {Miilion$/Day {Millions/dV
Scenario Controls (Days) Reduction (Million$} Reduced) Reduced)
Base 8] 0.000 0.000 0000 .000
8 Fabric Filter/SDA H 0.142 7.498 NA 52.800
7 Fabric Filter i 0.001 3.616 NA 3615.931
TABLE C-12
PM & SOz Conirol Scenario Results for Mount Baldy Wilderness
Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbDayso s 98th Total Above 0.5 Cost per AdV
?x\c’l% . Percentile  Annualized adv Reduction
AdV Cost {Million$/Day (Mittion$/dv
Scenario Controls (Days) Reduction {Millions$) Reduced) Reduced)
Base 0 0.000 Q.000 £.000 0.000
6 Fabric Filter/SDA 0 0.077 7.498 NA 97.372
7 Fabric Filter 0 0.000 3.616 NA NA
TABLE C-13
PM & 802 Control Scenario Results for Sierra Ancha Wilderness
Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbDaysﬂ 5 98th Totat Above 0.5 Cost per AdV
?&:‘:I . Percentile Annualized AdV Reduction
AdV Cost (Million$/Day {Million$/dV
Scenaric Controls {Days) Reduction {Million$) Reduced) Reduced)
Base 2 £.000 0.000 0.060 0.000
[+] Fabric Filter/SDA 0 8.1685 7.498 3749 48.372
7 Fabric Filter 2 £.001 3.616 NA 3615.931
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TABLE C-14

PM & S0z Control Scenario Results for Mazatzal Wilderness

Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbDayso 5 98th Total Above 0.5 Cost per AdV
3:% * Percerntile Ansnualized Adv Reduction
AdV Cost {Million$/Day {Million$/dV
Scenaric Controls {Days} Reduction {Miliion$) Reduced} Reduced)
Base 2 0.000 0.000 0.600 0.000
8 Fabric Filter/SDA 0 0.147 7.498 3749 51.004
7 Fabric Filter 2 0.000 3.6186 NA NA
TABLE C15
PM & SOz Cantrol Scenario Resulls for Pine Mountain Wilderness
Apache 1
Cost per
Average Reduction in
Number of No. of Days
AbDayso 5 98th Total Ahove 0.5 Cost per AdV
OA:;‘:I ’ Percentile Annualized Adv Reducticn
Adv Cost {Million$/Day {Million$/dV
Scenario Controls (Days) Reduction {Mittion§) Reduced) Reduced)
Base 2 0.000 0.000 0.000 0.000
6 Fabric Filter/SDA 0 0.121 7.498 3.749 61.964
7 Fapric Filter 2 0.000 3.616 NA NA
TABLE C-16
Gila Wilderness PM & S0z Control Scenario Incremental Analysis Data
Apache 1
incremental
Reduction in
Days Above 0.5 Encrg?:tntal incrg?:tntal
Adv Incremental AdV Incremental Effectiveness Effectiveness
Options Compared {Days) Reductions (dV} Cost {Million$) (Million$/Days) {Mitlion$/dV)
Scenario 6 vs. Baseline 0 3.142 7.498 NA 52.800




TABLE C-17
Maunt Baldy Wilderness PM & SOz Control Scenario incremental Analysis Data
Apache 1

Incremental
Reduction in

Days Above 0.5 Incrgr:setntal Incrgmetntal
AV h os
Incremental AdV Incrementat Effectiveness Effectiveness
Options Compared {Days} Reductions (dV} Cost (Million$) {Million$/Days) (Million$idV}
Scenario & vs. Baseline 0 0.077 7.498 NA 97.372
TABLE C-18
Sierra Ancha Wilderness PM & SO Control Scenario Incremental Analysis Data
Apache 1
Incremental
Reduction in
Days Above 0.5 Encr(e;metnial !ncrgmetntal
AdV 09 o3
incremental AdV Incremental Effectiveness Effectiveness
Options Compared {Days} Reductions (dV) Cost {Miilion$) (Million$/Days) {Million$/dV)
Scenario 6 vs. Baseline 2 0.155 7.498 3.749 48,372
TABLE C-19
Mazatzal Wilderness PM & SO: Controt Scenario Incremental Analysis Data
Apache 1
[ncremental
Reduction in
Days Above 0.5 Incrgmintai Incrgmintal
AdY o o8
incremental AdV Incrementai Effectiveness Effectiveness
Options Compared {Days) Reductions (dV) Cost (Million§) {Million$/Days) {Mitlion$/dV)
Scenaric 6 vs. Baseline 2 0.147 7.498 3.749 51.004
TABLE C-20
Pine Mountain Wilderness PM & SO: Control Scenario incremental Analysis Data
Apache 1
incremental
Reduction in
Days Above 0.5 incrgmetniai Incrgmetntal
AdV o8 o8
Incremental AdV Incremental Effectiveness Effactiveness
Options Compared (Days}) Reductions {dV) Cost (Million$) {Million$/Days) (Million$/dV)
Scenario 6 vs. Baseline 2 3121 7.498 3.748 61.964
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